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1) Phthalic Acid Esters
ii) Polychlorinated Biphenyls
















































































































































































































































































































































































































































































































































































































































































































































































































The development of common water quality objectives for the Great Lakes is recog—
nized as one of the primary programelements of the Ganada-United States Great Lakes
Water Quality Agreement of 1972. These common objectives will provide direction for
all water quality surveillance programs and will be of critical importance in evalu—
ating the success of remedial programs. The objectives should also ensure against
future losses of the beneficial uses which the Parties desire to secure and protect
when implemented in concert with limitations on the extent of mixing zones or zones
of influence and localized areas as designated by regulatory agencies.
In the process of assessing, refining and recommending objectives which would
accomplish what was interpreted as the intention of the Parties, the Water Quality
Objectives Subcommittee and the Scientific Basis for Water Quality Criteria Com—
mittee evolved and adopted what they considered to be a scientifically defensible
framework.
The proposed objectives are predicated on this framework which is drawn
partly from the Agreement, partly from the recommended revisions to the Agreement
and partly from guidance received from the Water Quality Board and the International
Joint Commission. The Committees believed that adoption of the framework would aid
the jurisdictions in protecting against future losses of the beneficial uses which
the Parties desire to secure and protect. The framework can be outlined as follows:
1. In developing specific water quality objectives the philosophy of
protecting the most sensitive use wasemployed.
As considered by the Water Quality Objectives Subcommittee and the
Scientific Basis for Water Quality Criteria Committee, water quali—
ty objectives describe, in part, a minimum quality of water which
will not only provide for, but also protect any designated use.
In most cases, the recommended objectives are proposed to protect
aquatic life or their consumers, because they are in those cases
the most sensitive use. Protecting the public water supply is
employed next in frequency, in the case that human health is most
sensitive. Aesthetic and/or recreational uses are most sensitive
for a few parameters.
2. Adoption of objectives does not preclude the need fbr studying
the aquatic environment and efjects of conditions on related
organisms and uses. Because infinite combinations of water quali-
ty characteristics may occur, the objectives could not take into
account antagonistic, synergestic and additive effects.
Each objective alone should provide protection from effects of
that specific condition. Within each objective a safety factor












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Lakes Water Quality Agreement,
dealing with regulatory require-
ments, remedial programs and implementation.









lation of the activity itself should be considered in remedial
programs.
For jurisdictionally—designated areas which have outstanding
natural resource value and existing water quality better than
the objectives, the existing water quality should be maintained
or enhanced.
The Great Lakes Water Quality Agreement establishes a non-de—
gradation philosophy of taking "all reasonable and practicable
measures" to maintain water quality where it is better than
the prescribed objectives.








measures" should be taken not only to maintain existing water
























The Committees recognized that any jurisdiction could move to—
ward a more positive non—degradation policy than that provided
by taking "all reasonable and practicable measures."
Specific water quality objectives were designed to be met at
the periphery of'mixing zones.
This assumes that water quali—
ty conditions better than the objectives will result beyond
the mixing zones.
The objectives should be implemented in con-
cert with limitations on the extent of'mixing zones or zones of
influence and localized areas as designated by the regulatory
agencies.
The establishment of water quality objectives alone may not ensure
against further losses of the beneficial uses which the Parties
‘


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the defined treatment process is inconsistent in contaminant
removal; or
3)
the defined treatment process is ineffective in contaminant
removal.
As of 1974-75, the Canadian Drinking Water Standards were under
review by a National Working Group composed of federal and
provincial environmental health and environmental water quality
officials.
This Working Group is responsible for a complete
update of the standards by March, 1978.
The United States Congress passed the Safe Drinking Water Act
(PL 93—523) in December, 1974. Under the Act, the United
States Environmental Protection Agency (EPA) published National
Interim Primary Drinking Water Regulations on March 14, 1975.
After a period of review the Regulations were promulgated in
December 1975 to take effect in June 1977.
Also required by
the Safe Drinking Water Act was a report, released to EPA in
May 1977, by the National Academy of ScienCes on recommended
maximum contaminant levels for drinking water.
Following a
review, proposed Revised Primary Drinking Water Regulations
(Health) will be promulgated. The National Secondary Drinking
Water Regulations (Aesthetics) are undergoing an initial review
schedule which is less stringent.
Jurisdictions currently protect their raw public water supplies
by state, provincial or federal standards. Until the recom—
mendations of the Parties work groups are known, existing
regulations represent the best information currently available.
For purposes of surveillance and monitoring to establish
indications of non-compliance, the Committees recommended using























(A) PERSISTENT TOXIC SUBSTANCES
(1) ORGANIC
RECOMMENDATION
It is recommended that the following numerical objectives for Persistent
Organic Contaminants be adopted to replace the existing interim objective in
Annex I, paragraph 2(c) of the Water Quality Agreement:
































































































































































































































































































































































































































































































































































































































































































































































































































































in the aquatic environment seldom achieve acutely toxic proportions except in
localized situations by accident or misuse. Of much greater concern are effects
from long-term exposure at sublethal levels and bioconcentration of residues
resulting in tissue accumulations of increasing magnitude with each higher level
in the aquatic food chain. Thus persistent contaminants must be considered
separately from those which are readily decomposed to non-toxic constituents.
Persistent organic contaminants are, according to the Great Lakes Water
Quality Agreement, to be "substantially absent" from Great Lakes waters. While
the Committees would like to have interpreted this as completely absent from
the aquatic ecosystem, they were constrained by the need to justify selected
levels based upon protection of all potential uses. Consequently, they recommended
levels based upon (1) protection of all aspects of aquatic life and human health
as measured by water and tissue levels, (2) quantification limits for water
concentrations, and (3) drinking water and food standards when these levels were
limiting. Persistent organic compounds in water, with the possible exception
of oil (covered under a separate objective), do not limit recreational uses of
water.













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































objective should also be extended to include them.
The dynamics of adsorption also give rise to increased levels of persistent
organic contaminants in the sediments. However, sediments are prone to movements
over large distances through current action. Moreover, present technology
cannot determine their deposition rates on a useful time scale for these
monitoring purposes. Hence, sediments presently can indicate presence of the
contaminants but cannot easily be related to detrimental effects. It is
recommended that studies be undertaken into sampling methods to permit the
use of sediment levels for measuring contamination. For the present however,
criteria are not recommended for this compartment of the ecosystem.
Specific recommendations have been made for those cases where chronic
toxicity experiments have determined "safe" levels for representative fish and
invertebrate species. In cases where subtle and deleterious effects were
noted at the lowest chronic dose level (e.g., a partial reduction in hatchability
of eggs), an arbitrary safety factory of 0.2 was applied to estimate the "safe"
level.
Where acute toxicity studies indicated that some species of fish were


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in the diet of the rainbow trout affected the biochemical processes of the
fish (9). The allowable edible fish tissue concentration under the United States
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chronic experiments measuring subtle effectson fish. Therefore, no "safe"
water concentration of DDT can be established and consequently the concentration
of DDT in water should not exceed the recommended quantification limit of 0.003 ug/l,
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namaycush) and coho salmon
(Oncorhyrchus kisutch)
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Contaminants in Annex 1, paragraph 2(c) of the Water Quality Agreement:
The concentration of lindane in water should not exceed 0.0l micrograms
per litre for the protection of aquatic life. The concentration of
lindane in edible portions of fish should not exceed 0.3 micrograms per
gram for the protection of human consumers of fish.
RAITONALE
Macek et al. (3) experimentally determined "safe" water concentrations for
bluegills, brook trout, and fathead minnows to range from 8.8 to 9.1 ug/l. The
LC50 concentrations for the latter three species range from 20 to 54 ug/R which,
when divided by the respective "safe" concentrations, result in application factors
of 0.17 to 0.34 for fish. With a 96-hour LC50 of 2.0 ug/z, the brown trout is
apparently most sensitive to lindane on an acute basis amongst those species used
in aquatic bioassays (4). Utilizing the lowest experimentally determined application
factor for lindane in fish (0.17), a "safe" concentration of 0.34 ug/l would be
predicted for brown trout.
Macek et al. (3) determined the acute and chronic toxicities of lindane to
the midge (Chironomus tentans), Daphnia magna, and the scud Gammarus faciatus.
The midge was the most sensitive of these species chronically, with 2.2 ug/l being
the highest concentration producing no observable adverse effect. Daphnia were
least sensitive as 11 ug/£ was determined to be "safe" over three consecutive
generations of exposure. The midge and Daphnia were significantly different from
fish in one respect, however, in that the application factors for these invertebrates
were much less than for fish, namely, 0.01 and 0.02 based on 48—hour LC50 values
of 207 and 485 ug/l, respectively.
Two investigators Snow (6) and Cope (2) reported 96—hour LC50 values of l ug/R
for stoneflies. Sanders and Cope (5) reported an acute LC50 for stoneflies of
4.5 ug/l lindane. If the experimentally determinedapplication factor for invertebrates
for lindane of 0.01 is applied to the lowest reported 96—hour LC50 of the most
sensitive species, the stonefly, then a predicted "safe" concentration of lindane
in water for that species would be 0.01 ug/l. This therefore is the recommended
level for water.
Little information exists on the accumulation of lindane in fish tissues.
However, Macek et al. (3) observed whole—body (eviscerated) concentrations
(wet weight) about 500 times the corresponding water concentrations in fathead
minnows that had been exposed for several months. Butler (1) observed accumulations





are not consistent enough to be useful





































































































































































































































































































































































































sensitive than fathead minnows.
Merna and Eisele (2) also did chronic exposures of several invertebrates




































Eisele (1) continuously dosed a small stream with 0.2 ug/Q methoxychlor
for one year. No insect or fish mortalities were observed and no invertebrate
species were eliminated, although populations of baetids, stoneflies, and scuds
were reduced. Hydropsychids, blackflies, crayfish and dragonflies showed only
temporary changes before returning to control levels when exposed to continued
dosing. While some species increased, there was no change in the diversity or



















not have uncovered them. Crayfish body burdens rose to approximately 100 ug/g
methoxychlor indicating a concentration factor of 500.
In evaluating the above data, most weight was placed on studies exploring
chronic effects under field conditions. The 0.2 ug/R exposure produced subtle
effects on some invertebrate populations. Application of the arbitrary 0.2
safety factor to these subtle effectswas used to estimate the recommended
concentration of 0.04 ug/K.
"safe"
Because it degrades readily, methoxychlor may not conform to the definition
of a persistent compound. The structure of its probable metabolites indicates
that they too are not likely to persist. However, the actual rate of
degradation of methoxychlor is not indicated in the literature and it has been
considered under the category of persistent contaminants due to its organochlorine
pesticide nature. If it were classified as non—persistent, consideration would
be given to the lowest reported 96—hour LC5O concentrations which pertain to
crustaceans (0.8 to 5 ug/Q) (4,5) and to insects (0.6 to 1.4 ug/l) (2,3). Regardless
28
 of application factors, since good experimental and field data exist for deriving
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It is recommended that the following numerical objective for toxaphene
be adopted to replace, in part, the existing interim objective for Persistent
Organic Contaminants in Annex 1, paragraph 2(c) of the Water Quality Agreement:
The concentration of toxaphene in water shOuZd not exceed
0.008 micrograms per litre for the protection of aquatic life.
RATIONALE
Mayer et ai. reported decreased reproduction of brook trout exposed to
concentrations of 0.068 ug/R of toxaphene in water. Body burdens associated
with this exposure were 0.6 ug/g. In a chronic bioassay with brook trout,
Mayer et al. (6) also found that toxaphene in water, at a level of 0.039 ug/l,
affected the growth and development of brook trout fry over an exposure period
of 90 days. With the application of the safety factor of 0.2, a "safe" concentration
of toxaphene is calculated to be 0.008 ug/K.
Acute toxicity of toxaphene to fish has been reported as 4.3 ug/l for
bullheads (5) and 3.5 ug/2 in soft water for bluegills (3). Acute toxicities
were also reported for several species of fish by Macek (4), ranging from 2 ug/Z
for largemouth bass to 13 ug/Q for black bullhead, and by Nagvi and Ferguson (7)
for freshwater shrimp as 24—hr LC50, ranging from 41 to 283 pg/R in four
different lakes.
Schoettger and Olive (8) reported mortality of kokanee salmon when fed
Daphnia which were exposed to sublethal concentrations of 10 and 20 ug/R of
toxaphene over periods of 120 to 312 hours. Hughes (1) documented that lakes
treated with 40 to 150 ug/Q toxaphene remained toxic to fish for periods of a
few months to five years after treatment. The persistence of toxaphene and
its highly lipophilic character would suggest the potential for bioconcentration
and transfer through the food chain to higher trophic levels. Bioconcentration
factors of 5,000 to 21,000 for brook trout (6), and 1,000 to 2,000 for aquatic
invertebrates (9) were observed. Bioconcentration of toxaphene in fathead
minnows was found to be in the range of 77,000 to 108,000 (6). However, these
factors have not been related to deleterious body burdens, thus, no recommendation
for tissue concentrations of toxaphene can be set at this time.
LITERATURE CITED
1. Hughes, R.A. "Persistence of toxaphene in natural waters". M.S. Thesis,
University of Wisconsin, 1969.
30
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The occurrence of PAE residues in North American environments was reviewed
at a 1972 conference on PAE's sponsored by the National Institute of Environmental
Health Sciences, by Mathur (6) and by Mayer et al. (9). Within aquatic ecosystems,
PAE residues have been detected in fish, water and sediments; the most likely
sources are municipal and industrial effluents (2,5,9,ll). Monitoring surveys
by several Great Lakes states showed that effluents of industrial and municipal
waste treatment facilities contained PAE's in concentrations ranging from less
than 1 to 1,200 ug/R and tributaries to Lake Michigan contained 1 ug/z or less.
The fate of PAE's in these tributaries is not well defined, but analyses of
settleable solids showed residues ranging from 1 to 75 pg/g (dry weight).
These reSults suggest that PAE's may be adsorbed to partiCulate materials in








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in the fat deposits of numerous warm and cold—blooded animals including man.
Their persistence is generally considered to be greater than most chlorinated
insecticides. In the aquatic environment, PCBs have been detected in water,
sediments, invertebrates, fish and waterfowl with highest levels being recorded
in predatory organisms high in the food chain. While greater quantities are
found in areas close to heavy industrialization, substantial residues have been
detected in fish from undeveloped localities suggesting that aerial transport
may play a significant role in their distribution.
PCBs in Great Lakes Waters
Contamination of the Great Lakes by PCBs has been, and continues to be,
extensive. Fifty-seven percent of water samples from 30 major tributaries
analyzed by the Michigan Water Resources Commission (9) contained detectable
concentrations of PCB (; 0.01 ug/z). Mean values determined for Michigan
tributaries of lakes Michigan, Huron, Superior, St. Clair and Erie were .023 ug/£





























































































































































































































































































































































































and likewise smelt and coho salmon in Lake Ontario. PCB concentrations in Lake Erie
fish are generally below 5 ug/g with the exception of white bass (6). Analyses
by the Ontario Ministry of the Environment on fish from the St.Clair River
revealed muscle concentrations of 4.3 to 12.3 ug/g in white bass, 0.1 to 6.8 ug/g
in pike, 0.1 to 2.8 pg/g in white suckers and 1.5 to 4.7 ug/g in coho salmon. Perch
and walleye from Lake St. Clair showed levels of 0.1 to 0.25 ug/g and 0.2 to
3.0 ug/g, respectively (1).
A seriOus situation exists for fish—eating birds in the vicinity of the
lower Great Lakes. Severe reproductive failure has been identified in herring
gull colonies around Lake Ontario. While eggshell thinning has been correlated
with DDE content of the eggs, there is a positive correlation between early embryonic
mortality and PCB contamination (3). Geometric means for PCBs in eggs of four
fish—eating bird species are given below in Table 2 (5).
TABLE 2 - PCB RESIDUES IN BIRD EGGS
(ug/g, dry weight basis)
 
Herring Ring—billed Common Double—crested
Location gull Agull tern cormorant
Lake Nipigon 77.5(52)
Lake Huron 368(5)* 113(2) 81.7(8) 140.0(55)
Detroit River 520(2)
Lake Erie 300(6) 243(4) 156 (15) 63.7(18)
Hamilton Harbour 258 (71)
Lake Ontario 565(16) 379(4) 268 (20) 114 (7)







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































recommended tissue level of 0.1 u/g.
38
 The recommendation for PCBs is designed to protect the aquatic biota
as well as the consumer of aquatic life. A conservative bioconcentration
factor of 105 could be used to calculate a water concentration for total
PCBs which should prevent tissue levels greater than 0.1 ug/g. This would
result in a PCB concentration in water of less than 0.001 ug/ﬁ, a
concentration which would be beyond the present routine analytical sensitivities
and therefore impossible to monitor or enforce. It is recommended then that
the regulatory agencies undertake fish and bird monitoring programmes to
determine compliance with the recommendation regarding tissue levels.
(iii) Other Organic Contaminants
SEE PAGES 10 to 15-
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It can be generally stated that all natural elements (metals, metalloids
and non—metallic elements) are present in all natural waters, in sediments,
and in most living matter. The majority of these elements occur in minute
concentrations, much below analytical detection limits of sophisticated
monitoring (less than ug/R concentrations). Obviously, no environmental concern
is valid for most of these elements, unless they are discharged at concentrations
greater than present in the receiving waters.
Metals such as sodium, potassium, calcium and magnesium are found in mg/2
concentrations in most waters. They are essential to all forms of life as
basic components of skeletal systems and for many biological processes in general.
Ions of these metals are not lethal by themselves unless at very high con—
centrations (> 1,000 mg/R). On the other hand, metals, in particular aluminum,
selenium and arsenic, are common to all natural aquatic systems in the ug/Z
range. In trace quantities, some of these elements are essential for certain
biological processes while others have no known functions. Whether essential or
not, these elements are lethal to biota at high concentrations (> 100 mg/l) and,
in a few cases, their natural background levels are approaching toxic concentra—
tions. To protect the aquatic ecosystem, increases in the concentrations of these
elements should not be allowed throughman's activities.
All elements in surface waters are the result of weathering of rocks and
soils (Table 3), industrial and municipal effluents and precipitation of
airborne matter. In fact, it has been calculated that some large lakes with
comparatively little human activity in the drainage basin may derive the
major part of their metals from precipitation. Lake sediments, especially
in shallow lakes, may also be an important source of trace metals.
Such a
recycling has been observed for mercury and is well known for phosphorus.
Chemistry
Dissolved Metals
In distilled water, dissolved metals largely exist in "free" ionic form;
that is, as very weakly complexed hydroxy— or aquo— complexes.
Because of
their low complex formation constants,
these elements are readily available
for any chemical reaction and for biological uptake.
Consequently,
any uptake


































































































































































































 However, natural waters always contain a significant amount of dissolved
organic material including humic acids, lignin derivatives, fatty acids, amino
acids, and many other compounds from plant and animal origin, as well as increasing
amounts of synthetic chemicals.
Most of these compounds have one or more
functional groups, such hydroxy—, carboxy-, sulfo— and amino- groups, which
may combine with "free" metal ions to form metal—ligand complexes.
Depending
on the detailed structures of such ligands and the chemical characteristics
of the metal ions, complexation can completely mask the availability of the
metal ions for common reactions.
Of course, any two ligands will act differently
on a given set of metal ions and, as a result, the biological effects of a
mixture of metal ions and organic compounds is extremely difficult to predict.
If, as in the case of certain synthetic chemicals, the complex formation is
very strong and no other physical, chemical or microbial degradation of the
complex occurs, quite high concentrations of toxic metal ions could be
present without immediate harmful effects to aquatic life.
Organo—metallic Compounds
 
Chemical compounds of organo-metallic nature, that is with direct carbon—
metal bonds, have long been known to chemists. Recently it has been
found that certain metals (for example mercury), can be methylated by microbial
action in sediments and these compounds can enter the aquatic food chain.
Because of their partially organic nature, such compounds are likely to be
associated with fatty tissues, where they may be stored and accumulated.
At
the same time, these compounds may produce strong toxic effects on the
accumulator organism.
There is still comparatively little understanding of the biological and
environmental behaviour and effects of organo—metallic compounds.
Studies to
determine which elements can be methylated or transformed to organo—metallic
forms in aquatic ecosystems are presently underway.
So far, in addition to
mercury and arsenic, the elements lead, tin, cadmium and selenium may be able
to undergo such reactions.
Particulate and Colloid Metals
Trace metals may also be found in water in forms such as hydroxides, oxides,
silicates, phosphates or carbonates which are commonly part of the particulate
matter from either biological or mineral origin.
Metals which become
absorbed or chemically bound by particulate organic matter are sedimented
with the organic matter thereby providing a major route for their removal from
aquatic systems.
Additionally, trace metals may be found as hydroxides and their
dehydrated forms in very finely dispersed particulate matter of a few hundred
to a few thousand molecular units.
These aggregates or colloids are usually







oxidation or biological action.
























































































































































































































































































































































































































































































































































































































































































































































the accuracy of the data has not been assessed (Table 5).

































































































specific forms of copper.
As a working method for some metals, fairly good correlations with
biological availability and hence toxicity, have been obtained by assuming
that soluble toxic formspass a 0.45 p filter while insoluble non—toxic forms
44
TABLE 4
CONCENTRATIONS (ug/E) OF METALS IN FILTERED WATER SAMPLES
FROM THE EPILIMNIUN OF THE UPPER GREAT LAKES
These statistics, which represent values from many
stations within a lake sampled several times within a year.
are taken from the Upper Lakes Reference Group. "The Waters of
Lake Huron and Lake Superior." v.2 and 3. windsor, Ontario, 1977.




— 1973 1.3193 HURON —§Lq
Detection Percent of Model 95 percentile Detection Percent of Model 93 percentilt’
Limit samPles below concln- concentration Limit Samples below Conr'n. Concentratinn I
(0.14.) D‘L. ; , “(3.1wa iffDL _ _ 7_A_‘AA__ Viv ;
Cadmium 0.2 72 50.2 0.6 0.2 100 .2 0.2
Chromium 0.2 6] 30.2 0.4 0.2 95 $0.2 0,2
Copper 0.5 s 2.0 — 2,5 5.0 0.5 s 1.0 4.0
lrun 0.5 3 1.0~ 1.5 7.0 0.3 3 1.5—2.5 4.5 .
Lead 1.0 63 $1.0 3.0 1.0 98 «1.0 1.0
Mercury 0.05 7 0.1 — 0.15 0.25 — — _ .
Nickel 1.0 46 $1.0 5.0 1.0 10 2.0 A 5.0 6.0
Zinc 1.0 72 7 ~ 10 40 1.0 2 3.0 6 0
GEORGIAN BAY , LAKE HURON
LAKE HURON — 1971. _—_19L1__ ,
Detection Percent of Model 95 percentile Detection Percent of Model 95 percentile
Limit Samples below Conc'n. Concentration Limit SamPles 581°" cone "- Concentrat 0"
(D.L.) 0.1.. (D.L.) D.L.
Cadmium 0.2 96 <0.2 0.2 0.2 98 <0.2 0.2
Chromium 0.2 94 <0.2 0.4 0.1 70 <0-l 0-6
e t
Copper 0.5 25 1.0 4.5 0.25 28 e0.25
Iron 0.5 5 1.5 3.5 0.25 12 1.0 2.0
Lead 1.0 90 {1.0 1.0 — 2.0 0.5 38 {0.5 1.5
Mercury — - — _ ~ - ‘ ‘
Nickel 1.0 10 2.0 5.0 0.5 87 £0-5 5-0
Zinc 1.0 20 2.0 9.0 0.5 SA {0.5 *
“Could not be determined from the data available.
 


































































































































































































































































































































 do not. It is recognized however, that the actual separation of these forms
is not that simple. Forms which were retained by the filter could be a reservoir of
potentially toxic forms which may readily redissolve under changing conditions.
Pulse polarography has been used to measure "labile" and "non—labile" forms of
copper, but lability has not been directly related to toxicity to algae (3).
Specific ion electrodes were used to measure ion activity of copper (12). While
the measured ion activity was roughly relatedto copper toxicity to salmon, an
ion activity below 200 ug/Q could only be determined by extrapolation. Shaw
and Brown (7) also correlated copper toxicity to trout with ion activity as
well as with estimated concentrations of carbonate—complexed and NTA-complexed
copper. They concluded that toxicity was best characterized by the total of
copper (II) (2 ion activity) and copper carbonate and not by a single form
alone.
The standard chemical procedure of acidifying samples to pHZ solubilizes
many loosely-bound forms of copper (= "acid extractable"). While this may
be undesirable when carrying out toxicity tests, it is an essential procedure
for assessing loadings and the potential harm of toxic forms and reservoirs of
copper, as well as temporarily inactive forms of copper.
Removal of phyto— and zooplankton from a sample is probably unncessary
because their metal concentrations are low and their contribution to total
metal concentrations in water samples is minor. For example, copper con—
centrations in Lake Michigan phyto- and zooplankton were 6 and 5 mg/kg wet
weight respectively (2). Assuming a Lake Erie seasonal maximum density of
phytoplankton of 14 mg/Q (10) and of zooplankton of l mg/Q (ll), the total copper
in plankton would be equivalent to 0.089 ug/R of copper in the water. Copper
concentrations in Lake Michigan water average 5 ug/Q (2). Thus in whole
water the maximum error in the metal concentration of the sample during plankton
blooms would be about 2%. This value may be too high since plankton in a bloom
might deplete the metal ions in the water being sampled rather than adding
metal ions. There is also a possibility of zooplankton "swarms" with densities
approaching one gram per litre. Such "swarms" might contribute significantly
to metal concentrations but the problem could be avoided by not sampling under
such extreme conditions. In addition, filtration to remove micro—organisms
could be another problem in that the filter may add or remove ionic copper (5).
A further problem may be anomalously high concentrations of metals in samples
obtained from turbid inshore waters affected by shoreline erosion. These
concentrations should be interpreted with caution. The measurement of metals
in a sample that has been allowed to settle or that has been filtered could
also give erroneous results if metals which are easily dissolved from particulate
matter were removed.
Stiff (9) assembled a variety of methods and outlined an analytical routine
for differentiating various forms of copper. However, results of this approach
have yet to be correlated to toxicity tests in a variety of waters and are not
suitable for application to routine monitoring. Nonetheless, it is hoped
that future developments in the methodology for identifying the various forms
of metals will allow for refinements of objectives. Obviously any such
refinement in the determination of the chemical and physical specification of
an element will also require more elaborate sampling and storage procedures.
47
 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(c) The application factor provides the third source
of data for objectives since it is the ratio of MATC's
to 96—hour LC50's. Consequently, an application factor can
estimate the MATC for a particular species after a simple 96—
hour LCSO measurement. Since there are error limits to both
the application factor and the 96—hour LC5O, a direct
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It is recommended that the following numerical objective for arsenic be adopted
in compliance with Annex I, paragraph 7(a), and to replace, in part, the existing
interim objective for Mercury and Other Toxic Heavy Metals in Annex 1, paragraph 2(b)
of the Water Quality Agreement:
Concentrations of total arsenic in an unfiltered water sample should
not exceed 50 micrograms per litre to protect raw waters forpublic
water supplies.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim objective
in Annex I, paragraph 2(b) of the Agreement, which states:
 
"Mercury and Other Toxic Heavy Metals. The aquatic environment should be free
from substances attributable to municipal, industrial or other discharges in
concentrations that are toxic or harmful to human, animal or aquatic life”.
 
RATIONALE
There are several forms of arsenic found in fresh water; the most common
are the arsenic and arsenious acids, the oxides of arsenic (A8203), and some i
sulphur compounds (realgar and orpiment). The form in which one finds arsenic
in fresh water is largely dependent upon the eH and pH values of the water (7).
Arsenic is also found in a variety of salt forms including sodium arsenite and
sodium arsenate.
Physical forces such as weathering represent pathways by which arsenic
may enter the aquatic ecosystem. It has been found that some igneous rocks
have an arsenic content of about 2 ug/g; shale can yield arsenic concentrations
as high as 13 ug/g, while sandstone and limestone contain approximately 1 ug/g
of arsenic (Table 3, p.42).
Other important sources of arsenic contamination are the burning of fossil
fuels such as coal and oil, and various pesticides, for example, herbicides,
applied directly to water (8,20). Arsenic also comes from various cleansing
compounds in which levels as high as 35 ug/g have been measured (22). About
9,000 kg of arsenic were used in the Great Lakes basin in 1968, primarily as
A8203, for metallurgy (6).
Arsenic levels in surface waters, from natural or man—made contamination,
vary considerably. Ferguson and Gavis (7) reported levels between 0 and 10 ug/l
in fresh water, while in Germany levels of 2 to 3 ug/Q are normally found (10),
Concentrations of arsenic in the Great Lakes are uniformly l ug/l or less in
offshore waters (4) but were found to be as high as 58 ug/l in a water intake



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































not by 50 ug/l (19).
52
 Gilderhus (8) studied the uptake of sodium arsenite by bluegills in outdoor
pools containing invertebrates, vegetation and sediments. He noted that much of
the arsenic applied ended up in the sediment. At 4,000 ug/Q arsenic (a single
treatment) maximum tissue residues in fish were 1,300 ug/kg for muscle, 2,400 ug/kg
for skin and scales, 17,600 ug/kg for gills and digestive tract, 11,600 ug/kg
for liver, 5,900 ug/kg for kidneys and 8,400 ug/kg for ovaries. Average residues
in Great Lakes fish vary from 3 to 43 ug/kg on a whole weight basis (12), <50 to
700 ug/kg on a dressed fish basis (18), and 6 to 80 ug/kg on a liver basis (12).
These values are considerably below those observed experimentally.
Concentrations of arsenic considered safe for public drinking water supplies
are substantially lower than those required to protect aquatic life. Consequently,
the objective for arsenic Should be 50 ug/l in keeping with the approved
concentration for the protection of human health. However, to protect aquatic
life, the Province of Ontario specifies that "an environmental level of 10 ug/2
should not be exceeded under any circumstances" (15). This guideline is not
well supported by scientific evidence.
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It is recommended that the following numerical objective for cadmium be
adopted in compliance with Annex I, paragraph 7(al and to replace, in part, the
existing interim objective for Mercury and Other Heavy Metals in Annex 1, paragraph
2(b) of the Water Quality Agreement:
Concentrations of total cadmium in an unfiltered water sample should
not exceed 0.2 micrograms per litre to protect aquatic life.
RATIONALE
Cadmium is a divalent metal that occurs mostly as a sulphide, usually
in association with other metal sulphides, especially lead and zinc. There
is no specific mining activity for cadmium; it is obtained principally as
a by—product of zinc mining (30).
The properties of cadmium make it important in electroplating, in solders,
in pigments, as a catalyst in photography, lithography and the electronics
industry, and in the manufacture of glass, alloys, biocides, lubricants and
storage batteries (13,30). In the Great Lakes Basin, cadmium is a by—product
of zinc refining in Port Maitland, Ontario and cadmium—containing ores are mined
in the Lake Superior region (30). There is considerable use in the automotive
and metallurgical industries of the Lower Great Lakes region. Cadmium may
enter Great Lakes waters as a result of all these processes. Additional
inputs are from the weathering of rocks and the fallout from airborne cadmium
originating in fossil fuels.
In water, cadmium may be complexed with soluble inorganic or organic
materials as well as adsorbed to particulate matter. Hem (22) derived theoretical
limiting equilibrium solubilities for the carbonate and hydroxide complexes of
cadmium in specific waters. He found that cadmium concentrations in surface
waters of the United States, as reported by various authors, were much lower
than the maximum permitted by the solubility product of the carbonate, the
least soluble salt. He attributed the difference to the action of other
complexing and adsorbing materials. Hahne and Kroontje (20) also showed
theoretically that, at high pH's 0r chloride concentrations, a high proportion
of cadmium was mobilized as hydroxy or chloride complexes. However, their data
show that at pH 7—8 and a$+chloride concentrations of 35 mg/2, the bulk of
cadmium would occur as Cd . Using a cadmium specific ion electrode, Gardiner
(18) measured the degree of complexation of cadmium in synthetic solutions and
natural river waters containing varying amounts of carbonate, sewage effluen
and humic acids. He found that a large proportion of cadmium occurred as Cd
although the amount decreased with increasing pH, sewage effluent concentration
or humic acid concentration. Humic substances accounted for most of the
complexation. In natural waters, Ga iner found that, of 1,000 ug/l
added cadmium, 29—89% occurred as Cd , and the proportion was generally in













































































































































































































































































































































































































































































































































































































































































slightly higher (21). In a 1974 survey of American nearshore waters, cadmium
was always less than 2 ug/Q (detection limit) in lakes Superior and Huron (33).
Cadmium is extremely toxic to mammals. Acute toxicity to humans includes
severe nausea, salivation, vomiting, diarrhea, abdominal pains and myalgia.
Liver and/or kidney damage may follow acute poisoning and respiratory distress
may also occur (17). Chronic toxicity includes damage to liver, kidney,
hematopoietic tissue and the respiratory tract (17). Cadmium has been implicated
in bone degeneration in Japan althOugh these findings are controversial (40).
Epidemiological and experimental evidence suggests that cadmium may also cause
hypertension. In experimental animals cadmium causes testicular damage,
kidney damage, increased incidence of tumours and reduced growth (17). The
biochemical bases for these effects may be the interaction of cadmium with thiol
groups of enzymes or with phosphatidylethanolamineand phosphatidylserine mono—
layers (49). As a result, many enzymatic reactions are inhibited by cadmium,
and toxic effects occur in mitochondria, kidney tubules and nerve membranes (49).
The daily uptake of cadmium by an adult human from drinking water has been
estimated as 15 pg, as compared to 200 ug in food and 1 ug in air (35). Of the
total cadmium taken in, only 1 to 2% is retained and the rest is excreted in faeces
and urine. To limit intake from water to 200 ug/day, a drinking water limit of
10 ug/Q cadmium has been recommended (34). In Canada, the maximum permissible
concentration of cadmium in drinking water is 10 ug/l while the acceptable
concentration is less than 10 ug/R (9). To protect livestock 50 ug/Q is
recommended (34).
*Svedberg coefficient is a numerical value related to the settling velocity of
a spherical particle.
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Cadmium is not a nutrient for plants and was classified by Bowen (7) as
highly toxic (toxic at concentrations less than 1,000 ug/R in the nutrient u
solution). Since crop growths may be reduced at concentrations as low as 10 ug/Z, ‘
recommendations for irrigation water are 10 ug/Q for continuous use on all soils
and 50 ug/R on neutral and alkaline fine textured soils for a 20-year period (34).
Low concentrations of cadmium are harmful to algae. Growth of
Scenedesmus quadricauda in the laboratory was significantly inhibited at
concentrations as low as 6 ug/Q (24). Selenastrum capricornutum is somewhat
less sensitive since 80 ug/Q caused complete growth inhibition, while 50 ug/Q
caused a slight inhibition (2). In a comparative study, Burnison et a1. (8)
found that the concentrations of cadmium in Lake Ontario water causing 70%
inhibition of primary productivity of Scenedesmus quadricauda, ChloreZZa pyrenoidosa,
Ankistrodesmus faantus and ChZoreZZa vulgaris were 20, 100, 1,000 and 1,000 ug/k,
respectively. A macrophyte, Najas quadulepensis, was also affected by cadmium.
Severe effects were observed at 90 ug/Q while 7 ug/Q caused reduced chlorophyll,
turgor and stolon development (10).
The acute toxicity of cadmium to zooplankton varies considerably with the
species tested. In water from Lake di Monate, Italy, the 48—hour LCSO's for Cyclops
abyssorum preaZpinus, Eudiaptomus padanus padanus and Daphnia hyalina were
3,800, 550 and 55 ug/l, respectively (3). The 48—hour L050 for Daphnia magna
in Lake Superior water was 65 ug/R (6), a value close to that of Daphnia hyalina.
The 3—week L050 for Daphnia magna was 5 ug/R while 0.17 ug/2 caused 16%
impairment of reproduction (6). The 96—hour LC50 of the freshwater shrimp
Paratya tasmaniensis at 10 mg/l hardness was 60 ug/Q (47). A 96—hour exposure
of these shrimp to 30 ug/Q cadmium caused a change in the ultrastructure of
the gills (26).
Aquatic insects are less sensitive than zooplankton. At a hardness of
44 mg/2, the 96—hour LC5O's of cadmium for Acroneuria Zycorias (stonefly),
EphemereZZa subvaria (mayfly) and Hgdropsyche betteni (caddisfly) were
>32,000, 2,000 and >32,000 ug/Q, respectively (50). At 50 mg/Q hardness, the
96—hour LC5O's of a caddisfly, a damsel fly, and a midge (Chironomus sp.)
were 3,400, 8,100, and 1,200 ug/R, respectively (38). The species of caddisfly
was unidentified and appeared 10 times more sensitive than that tested by
Warnick and Bell (50). The 96—hour LCSO's of a caddisfly, a damsel fly and a
mayfly of Tasmania in water of 10 mg/2 hardness were 2,000, 250,000 and 840
ug/Z, respectively (47). Amphipods are much more sensitive since the 96—hour
LCSO of Australochiltonia subtennis was 40 ug/R (47) while that of a scud
(Gammarus sp.) was 70 ug/Z (38).
The 96-hour LC50's for a gastropod snail were 3,800 ug/Q for eggs and
8,400 ug/Q for adults (38). In contrast, the snail HeZisoma sp. had a 14—day
LC50 of 50 ug/Q, and 20 ug/R reduced rates of survival and hatching of eggs (27).
No effect was observed at 10 ug/R cadmium. Another benthic organism, the bristle
worm (Nais sp.) had a 96-hour L050 of 1,700 ug/l (38), while that of the
rotifer Philodina sp. was about 100 ug/z (45). Ibtrahymena pyrifbrmis, a
protozoan, showed a growth depression at 15,000 ug/l cadmium and slower swimming









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































These results correspond fairly well with the effects of cadmium on reproduction
and survival of brook trout measured by Benoit at al. (4). Survival of adult
males during spawning and growth of juveniles were reduced at 3.4 ug/K while no
adverse effects were noted at 1.7 ug/Q cadmium.
Cadmium up to 100,000 ug/kg in the food of fish was not toxic to rainbow
trout or dace after 18 weeks exposure (25).
Cadmium residues in fish are fairly uniform. Lovett et a1. (28) measured
cadmium concentrations in dressed fish from Lake Erie, Lake Ontario and the
St. Lawrence River. Concentrations were generally between 10 and 30 ug/kg
although a few hadless than 10 ug/kg (the detection limit) and Gizzard shad
from Lake Erie had 72 ug/kg. In another survey of dressed fish from lakes
Erie and Ontario, cadmium concentrations were uniformly less than 50 ug/kg, the
detection limit, with the one exception of 60 ug/kg in rainbow smelt from Lake
Erie (48). Using neutron activation, Lucas at aZ. (29) measured cadmium con—
centrations of 62 to 140 ug/kg in whole fish from lakes Erie, Michigan and
Superior. In fish livers, concentrations ranged from 60 to 1,400 ug/kg with
most values around 400 ug/kg suggesting that the liver concentrates cadmium.
Lake Michigan fish (presumably whole) contained l00 to 300 ug/kg cadmium without
any variation in feeding habits (21).
In experimental systems, bass and bluegills had total body accumulations
of 8 to 15 and 6 to 20 times the concentration in water, depending on that concentration
(11). Uptake and concentration in tissues levelled off within 2 months and the
greatest accumulation occurred in internal organs. Kumada at al. (25) found that
concentrations in rainbow trout exposed to cadmium in water reached a plateau in
10 to 20 weeks with maximum concentrations in the kidneys. Concentrations in whole
fish were about 10 to 80 ug/kg in control fish and increased only at cadmium
concentrations above 1 pg/R. Concentrations in whole fish reached a maximum of
960 ug/kg after 30 weeks in 4.8 ug/R and declined to 440 ug/kg after 10 weeks
in clean water. Similar increases in cadmium content were seen in rainbow trout
and dace fed food containing up to 100,000 ug/kg of cadmium. Cadmium levels in
whole trout fed this maximum amount reached 1,600 ug/kg after 12 weeks and
declined dramatically to 70 ug/kg after 6 weeks on a clean diet (25). The
dramatic decrease was seen at all concentrations and indicates that cadmium
taken in with the food is cleared faster than cadmium taken in from water. This
could be illusory if the gills of fish exposed to cadmium in water contain high
concentrations that are slowly released to the rest of the body after transferral
to clean water.
White catfish (IctaZurus catus) given an intragastric dose of radioactive
cadmium regurgitated 39 to 56% of the dose (39). Within one hour, 75% of the
cadmium in the body was contained within the gastrointestinal tract and 23% was
in the gills. The fact that 2% was in the skin suggests that the gill load may
have been picked up from the water after regurgitation. Over a period of 21 days,
cadmium gradually moved down the intestine and concentrations gradually increased
in both the liver and kidneys. By day 21, 34% of the cadmium was in the kidneys,
5% in the liver, about 56% still remained in the intestine and the rest was spread
among other organs at low concentrations. Therefore, the total transfer from cadmium
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It is recommended that the following numerical objective for lead be adopted
in compliance with Annex I, paragraph 7(a), and to replace in part, the existing
interim objective for Mercury and Other Toxic Heavy Metals in Annex I, paragraph
2(b) of the Water Quality Agreement:
Concentrations of total lead in an unfiltered water sample should not
exceed l0 micrograms per litre in Lake Superior, 20 micrograms per litre
in Lake Huron and 25 micrograms per litre in all remaining Great Lakes
to protect aquatic life.
RATIONALE
Lead is released to aquatic ecosystems from the production and use of
lead in gasolines, paints, glazes, pipes, roofing materials and ammunition,
especially shotgun pellets. Lead is also released during metal mining and
refining processes, recycling of used lead products, burning of fuels and
recycling or disposal of used motor oils (17).
Lead generally occurs in very low concentrations in water because of its



























































1 mg/R, 10% is precipitated. The precipitate does not appear to redissolve

















































































































lead (7). Lead solubility is strongly influenced by pH; above pH 8.0 the























































































































toxic. Bowen (2) has rated lead as being very toxic to plants, that is, toxic
effects may be seen below 1 mg/R in the nutrient solution.
Lead shot is also toxic to wildlife. Poisoning of diving and dabbling





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































27 mg/2 hardness and 23 mg/2 alkalinity. At 354 mg/2 hardness and 243 mg/l




results from hard water were expressed as "free" lead measured by pulse
polarography, the effects OCCurred between 18 and 32 ug/K. Therefore, a safe
concentration based on total lead varies considerably with hardness, while that
 
based on "free" lead varies only slightly. For trout exposed from the egg stage
onwards and for parents exposed to lead for one year, the safe-unsafe range
was 6 to 12 ug/Q in soft water.
Interpolating from Davies and Everhart's results (7), safe—unsafe
concentration ranges for total lead in the Great Lakes are as follows:
Hardness Alkalinity Safe—unsafe range Safe—unsafe range
based on hardness based on alkalinity
(mg/Q) (mg/1) (pg/2 of lead) (pg/Q of lead)
Lake Superior 44 41 15 to 24 16 to 25
Lake Huron 94 75 21 to 37 22 to 38
Lake Michigan 119 —— 25 to 46 ——
Lake Erie 123 91 25 to 46 26 to 48
Lake Ontario 135 90 27 to 52 26 to 48
These results were confirmed by Goettl at al. (10) using the same dilution
water. They found that 10rdosis plus scoliosis developed in young rainbow
trout at lead concentrations between 8.0 and 14.0 ug/Q. A third study of
brook trout in water of 44 mg/2 hardness gave similar results between 58 and
119 ug/Q total lead (13). On a dissolved basis, this represented 39 and 84 ug/Q.
Thus, brook trout are apparently not as sensitive as rainbow trout.
Some lead accumulation occurs in aquatic biota. Phytoplankton accumulate
large quantities, perhaps due to adsorption by the relatively large surface areas
of algal cells, or to ion exchange (19). Leland and McNurmey (14) showed
that concentrations of lead were always highest in periphyton of streams and
decreased with increasing trophic level. Herbivorous fish had higher concentra—
tions of lead than did carnivorous fish. All concentrations of lead in fish
were less than 5.0 ug/g.
Lead concentrations in fillets of Great Lakes fish were found to be
uniformly less than 0.5 ug/g, the detection limit, regardless of species or
sample location (20). However, in a more recent survey, Brown and Chow (3)
reported that fish from Baie du Dore, Lake Huron, contained 0.19 ug/g lead in
muscle while those from Toronto Harbour contained 1.78 ug/g. Since only the
values from Toronto Harbour appear elevated, muscle lead concentrations may
reflect local contamination. Higher concentrations of lead occur in other
organs of fish. In trout from a stream, concentrations of lead were higher
in bone than in liver or gills (18). In addition, there was a significant
difference in lead content of bone between fish from a hatchery and fish from
a river containing 2.65 to 2.93 ug/l lead, twice as much as in hatchery water.
Lead may also occur in blood and accumulate in kidney tissue (12). The
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recovered from their stomachs contained up to 3.8 ug/g mercury
(6).
No







(15) also reported finding elevated mercury residues in gull
eggswithout any
effects on reproduction.
The levels found in these instances are close or
identical to levels associated with mercury poisoning in some species of seed—
eating birds.
It is therefore evident that species differences exist, and at
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It is recommended that the following numerical objective for selenium be
adopted in compliance with Annex 1, paragraph 7(a), and to replace in part, the
existing objective for Mercury and Other Toxic Heavy Metals in Annex 1, paragraph
2(b) of the Water Quality Agreement:
Concentrations of total selenium in an unfiltered water sample should
not exceed l0 micrograms per litre to protect raw water for public water
supplies.
NOTE: The effect of high dietary selenium concentrations on fish—eating birds
and wildlife is unknown. Based on the response of laboratory mammals,
concentrations of selenium approaching 3 ug/g, wet weight, in whole fish should
be regarded with concern.
RATIONALE
Selenium is a common element appearing in the earth's crust at
approximately 7 X 10_5%. It is present largely as heavy metal selenides
(together with sulphide minerals) but also occurs as selenates and selenites.
In soils, excluding seleniferous soils not normally found in the Great Lakes
region, it has been variously reported to be present at levels ranging from
0.1 pg/g to less than 2 pg/g (12). Elevated levels of selenium are found in
some sedimentary rock formations and their derived soils in central areas of
Canada and the United States. There are no known mining activities for
selenium and its production comes mostly as a by—product of copper and lead
refining.
Commercial use of selenium was about 500 metric tons in 1968, mostly in
the elemental form as red crystals or grey powder. It is used in electronics
for rectifiers, photocells, and xerography, in steel and in pigments for paints,
glass, and ceramics (11,24).
Selenium is usually present in water as selenate and selenite; the elemental
form is insoluble but may be carried in suspension. Weathering of rocks and
soil erosion is a major source of selenium in water. On a world basis,
approximately 10,000 metric tons yearly is weathered and carried downstream to
the sea. Of this, 140 tons is in solution but only 16 tons remains dissolved in
the sea. The rest of it goes into sediments (38). The burning of fossil fuels
is another source of soluble selenium.
Analysis of coal and bottom and fly ash
from a single burner has turned up levels of 2 ug/g, 3.4 pg/g and 41.3 ug/g,
respectively (24). Use of fossil fuel puts about 450 tons per year of selenium
(5802) into the atmosphere, about 4.5% of the amount erodednaturally (38).
Disposal of waste containing selenium could be another source, although
levels in effluents seem to be low.
Sewage in California (both raw and treated)
was found to have only 10 to 60 pg/Q of selenium, except for a high value of























































































































































































with ferric hydroxide (41). Selenium concentrations in the Great Lakes are
below 1 ug/R offshore and mean concentrations are 0.2 ug/l or less.
Lake sediments seem to act as reservoirs or sinks; in the northern United
States they contained from 1.0 to 3.5 pg/g dry weight of selenium, considerably
more than the usual concentration in soils (45). Small experimental ecosystem
experiments showed that of the total amount of selenium in rain which fell on
soil, 75% stayed in soil and 25% ran off into an aquatic system. Thirty—six
percent of the selenium entering the aquatic system ended in the sediments while
most of the rest was in the biota (19).
Deficiency of selenium in the soil and in grass eaten by livestock, leads to
"white muscle disease". Dietary needs of livestock are in the vicinity of 0.1 to
0.2 mg/day (28) whereas the daily selenium requirement of humans has not been
accurately determined. It would appear to be in the range of 0.1 to 0.2 mg/day
(23), an amount normally found in an adequate diet (28).
Selenium poisoning of livestock has been divided into two classes: the
acute type termed blind staggers and the chronic, called alkali disease. Acute
poisoning is associated with ingestion of highly seleniferous plants containing
1,000 ug/g or more of selenium, while the chronic type is associated with grains
and plants which contain 5 to 20 ug/g of selenium (27). The extensive literature
on natural poisoning of livestock from selenium in their food plants agrees, in
general, that 5 ug/g or more can cause death in the herbivore, and that such levels
in plants result from soil concentrations in the range 0.5 to 6 ug/g (25,28,42).
Also, a diet containing 3 ug/g of selenium in selenite form, in a lifetime study
killed rats (37). The usual chronic effects in mammals may include weakness,
visual impairment, paralysis, damage to heart, liver and viscera, stiff joints,
and loss of hair and hooves. Additional symptoms in humans are marked pallor
red tainting of fingers, teeth and hair, dental caries, debility, depression and
irritation of nose and throat. Acute toxicity in humans maybe characterized by
nervousness, vomiting, cough, dyspnea, convulsions, abdominal pain, diarrhea
hypotension and respiratory failure (28,38). No recognized cases of non—industrial
chronic selenium poisoning in man have been reported (35),
The carcinogenic potential of selenium has been widely investigated (38).
Recent critical evaluations made of these early studies concluded that insufficient
high quality data exist to assess the carcinogenicity of selenium compounds (34,
46). No suggestion that selenium is carcinogenic in man can be found in the
available data (46).
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 Antagonism between toxicity of selenium and other metals has been pointed
out. Levander (23) reviewed the action of arsenic in counteracting selenium
toxicity and several cases in which cadmium poisoning is decreased by selenium
were listed in Pakkala at al. (33) and "The Selenium Paradox" (40). The action
against mercury toxicity was mentioned by Koeman et a1. (20). There are other
aspects such as the interrelationship with vitamin E and possible teratogenic
effects (40).
Toxicity due to selenium in drinking water is not common, probably because
concentrations in water are generally low, and cases of toxicity to livestock
are usually related to intake with food. However, a level of 9,000 ug/l in well
water resulted in human poisoning in three months (5).
"Water Quality Criteria 1972” (28) suggests a limit of 10 ug/Q of total
selenium in drinking water assuming that two litres of water are ingested per
person per day. This recommendation is also accepted by the World Health
Organization, the United States, Canada and the U.S.S.R., although some European
countries such as France use a 50 ug/Q limit.
The National Academy of Sciences and National Academy of Engineering
recommended an upper limit of 50 ug/Z for selenium in water given to livestock
(28). This figure is also used by the Ontario Ministry of the Environment (32).
Bowen (6) described selenium as moderately toxic to plants (toxic effects
at concentrations between 1 and 100 mg/2 in the nutrient solution). Apparently
this applies to freshwater algae as well. The concentrations of selenite
causing 95% growth inhibition of Anabaena variabilis and Anacystis nidulans
were 20 and 70 mg/l, respectively (22). Selenate produced the same results with
these species at 30 and 50 mg/2, respectively. Kumar (21) showed that growth
of Anacystis niduZans, a blue—green alga, was also completely inhibited by 20
mg/l of selenate. However, a culture of this alga at increasing concentrations
of selenate over several generations, produced a tolerant strain that could grow
in 250 mg/2 of selenate. Scenedesmus sp. however, was more sensitive since
2.5 mg/R was lethal (7).
Little information is available on the toxicity of selenium to invertebrates,
but Daphnia sp. is as sensitive as Scenedesmus sp. with a lethal threshold of
2.5 mg/Q (7).
Niimi and LaHam (29,30) published the most comprehensive studies to date on
toxicity of selenium to fish. Acute studies (29) indicated that lethality of
selenium to zebrafish larvae (Brachydanio Perio) varied with the selenium salt
used.
The 96-hour and 10-day LC50's (Table 7) indicated that selenate salts















































































96—hr. LC50 10—day LCSQ
(mg/2) (mg/w
selenium dioxide 20 5
sodium selenite 23 4
potassium selenite 15 = 2
sodium selenate 82 4O
potassium selenate 81 50
These salts are the most common forms normally occurring in freshwaters.
The selenides, selenomethionine and selenocystine, were also shown to be toxic.
Selenocystine was about as toxic as the selenates and selenomethionine was
more toxic. Reliable LCSO's for selenides could not be calculated, however,
due to a loss of compounds from the solution perhaps because of biological
action. This action was also a problem in early experiments with inorganic
compounds. It was noticed that bacterial slimes in test containers could
produce a highly toxic, unidentified organic selenium compound. Daily cleaning
alleviated the problem but it suggested that hazardous transformations of inor—
ganic to organic selenium compounds might occur in aquatic systems.
Studies on the toxicity of selenium dioxide to zebrafish embryos showed
that they were quite resistant and concentrations up to 10 mg/l had no effect
on hatching (30). This was due probably to the extreme low permeability of
the egg membrane. Larvae, by comparison, were quite sensitive and high
mortality was observed at concentrations as low as 3 mg/R after 10 days. No
effect was observed at l mg/£.
The acute toxicity of selenium to goldfish is similar to that of zebrafish.
In very soft water, the 5-day LCSO of sodium selenite for goldfish was 10 mg/l
(15). Ellis at al. (15) showed that 2 mg/Q of the same salt killed
goldfish in 1,846 days. Weir and Hine (44) found a 7—day LC50 for goldfish of
12 mg/l in water of 50 mg/2 CaCO3. Using a conditioned avoidance response as
an index, Weir and Hine (44) also discovered that 0.25 mg/Q could significantly
affect learning behaviour as compared to controls. A concentration of 0.15 mg/Q
had no meaningful effect.
Selenium dioxide was also lethal to six species of fish in 4 days to 2 weeks,
at concentrations between 2 and 20 mg/2 (8).
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 Concentrations of selenium in fish tissues vary from 0.16 to about
0.6 ug/g, wet weight, in a wide range of locations in fresh and ocean water.
This is true for Canadian dressed fish from industrial and isolated locations
(0.17 to 0.38 ug/g) (43); for a large series of freshwater fish from New York
(0.2 to 0.5 ug/g) (33); for ocean and freshwater fish in Finland (0.2 to 0.58
ug/g) (36); seafoods (about 0.32 to 0.56 ug/g) (26); the edible portion of trout
(about 0.28 to 0.68 ug/g) (l); and for samples of marine food fish obtained in
Ontario markets (0.16 to 0.4 ug/g) (2). In a very large series of fish from
central Canada, concentrations in muscle samples averaged about 0.26 ug/g, and
most of the fish fell in the range mentioned above (4). However, the total range
was wider. In the Great Lakes, concentrations of selenium in fish from the North
Channel of Lake Huron, Georgian Bay, Lake Erie and Lake Ontario ranged from 0.56 to
2.0 , 0.42 to 1.15, 0.10 to 0.75 and 0.06 to 0.96 ug/g, respectively.
Fish mortality in a Colorado reservoir reported by Barnhart (3) was caused
by selenium from bottom deposits which had passed through the food chain to
accumulated levels of 300 ug/g. This is the single known case. In a less
contaminated aquatic ecosystem, animals were shown to have higher residues
than plants, but there was no pattern of continuing accumulation. Also,
fish from pond culture where the artificial food was low in selenium, contained
less selenium than those from a natural system (36). In an experimental system,
Sandholm at al. (36) also found that Scanedesmus dimorphus could actively
concentrate selenomethionine but showed no active or passive uptake of inorganic
selenium. Daphnia puZex, however, could absorb selenium from selenite. Fish
(Puntius aruZius) absorbed selenium principally from food and showed little
uptake from inorganic and organic forms in water. Copeland (13) reported that
concentrations of selenium from Lake Michigan zooplankton were highest downwind
of industrialized areas, although this was not reflected in the sediments where
concentrations were uniformly less than 0.5 ug/g. Concentrations in zooplankton
however, increased from 1 ug/g in uncontaminated areas to 7 ug/g in contaminated
waters. Elimination of selenium by fish has not been studied but there appears
to be no correlation between selenium concentration and size, sex or age of fish
(33). Therefore, selenium may be excreted in a fashion similar to that in
humans. A normal human intake of 0.06 to 0.15 mg/day is balanced by an output
of 0.03 mg in faeces, 0.05 mg in urine, and 0.08 mg in sweat, air and hair (39).
The discovery that livers of some seals contain from 46 to 134 ug/g selenium
may be a serious cause for concern (20). These values are much higher than
those of 0.5 to 1.3 ug/g found in the livers of land animals. Also, a single
sample of tissue from a northern Canadian beluga whale showed a high level of
14.3 ug/g selenium. The topic is not well understood yet, however Koeman at aZ.(20)
considered that the high selenium might protect against high mercury residues.
 
Nevertheless, the possibility exists that fish-eating birds and mammals
may be Subject to a dangerous accumulation of selenium. The difference between
Optimal and toxic intake levels in the food is comparatively narrow (25 to 40
times)(18).
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less than 45 ug/Q except in Lake Erie at Buffalo, where the mean is 178 ug/l.
The consistently high values here suggest local zinc outputs near the water
intake. As noted in Table 5,p.46, high concentrations have also been observed at
the St. Marys River (the Outlet of Lake Superior), at Buffalo (Lake Erie)
and at Massena (outlet of Lake Ontario). Because zinc use is so widespread,
sample contamination may be a problem.
An essential element for both plants and animals, zinc is a constituent
of many metalloenzymes and several proteins of unknown function (5). Zinc is
necessary for reproduction, growth, formation of DNA and RNA, formation of the
eye, and prevention of a fatal skin disease of pigs. It also promotes wound
healing and prevents symptoms of poor blood supply in the legs resulting from
hardening of the arteries (16).
Zinc toxicity to land plants is rare and is usually observed on soils
enriched with zinc as a result of mining operations (5). Zinc is relatively non—
toxic to man, although when zinc metal is heated, zinc oxide fumes may be
produced that can cause "brass chills"or "brass founders ague". Direct doses of
soluble zinc salts can cause nausea and vomiting (10). However, no harmful
effects on humans have been reported from prolonged consumption of water
containing up to 40,000 ug/l zinc (14). Consequently, the United States drinking
water recommendation is based on taste and has been set at 5,000 ug/Q (14). The
maximum permissible limit in drinking water in Canada is also 5,000 ug/R but
the objective is less than 1,000 ug/R (8).
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 Concentrations of zinc inhibiting growth of freshwater algae generally range
between 1,000 and 10,000 ug/R (22). However, growth inhibition of more
sensitive species such as Oedogonium sp., CZadophora glomerata and
Selenastrum capricornutum has occurred at 220, 240 and 700 pg/R, respectively
(2,21).
Aquatic invertebrates are more sensitive to zinc than algae. Daphnia
magna exposed to zinc for three weeks exhibited 50% mortality at 158 ug/R and
50% and 16% inhibition of reproduction at 102 pg/R and 70 ug/l, respectively
(4). Water hardness and alkalinity were 45.3 and 43.3 mg/R, respectively. In
Lake Erie water, with a hardness and alkalinity of 123 and 91 mg/2, respectively,
the 64—hour EC50 for immobilization of Daphnia magna was less than 150 ug/Q (1).
Fish are more sensitive to zinc than other aquatic organisms. Sublethal
exposures of zinc for fathead minnows in Lake Superior water (hardness 45 mg/2,
alkalinity, 42 mg/2) caused reduced egg production during spawning at 180 ug/R.
No effect was observed at 30 ug/R (7). In similar water, flagfish (JordaneZZa
floridaa) were more sensitive than fathead minnows. Eighty percent mortality
of flagfish larvae occurred at 85 pg/l zinc and only 10% at 51 pg/R. However,
when the larvae had been pre—exposed as embryos to the test concentrations of
zinc, they were more tolerant of the zinc. Complete mortality occurred at 267 ug/ﬁ,
20 to 30% occurred at 139 ug/i and 0 to 20% occurred at 75 ug/ﬂ or less (18).
Rainbow trout fry also died at low concentrations. In water of 26 mg/2 hardness
and 25 mg/2 alkalinity, unacclimated trout had a 120—hr LC50 of 135 pg/Z, while
those pre—exposed as eggs had an LCSO greater than 526 ug/Q. Based on lingering
mortality of pre—exposed trout, the safe—unsafe concentrations were 135 to 251
ug/Q (11). Reproduction of bluegills was also affected by zinc. Decreased
spawning and complete mortality of fry occurred at 235 pg/R, while no effect
was seen at 76 pg/l. Hardness and alkalinity were 51 and 41 mg/2, respectively (17).
Avoidance of zinc may prevent reproduction of Atlantic salmon. In the
laboratory, juvenile salmon avoided 54 ug/R zinc, while in the field, with
19 ug/R copper in the water, migration of adults was prevented by about 240 ug/2
zinc (19). The higher effective concentration of zinc could be due to the age
of the fish or to the interaction between zinc and copper or some other constituent
of natural waters. Growth of Phoxinus phoxinus in water with 63 mg/2 alkalinity
was reduced at 130 pg/Q zinc but not at 50 ug/R (3).
Sublethal toxicity to zinc may be enhanced when combined with copper and
cadmium. At a hardness of 207 mg/2, alkalinity of 154 mg/l, copper of 6.7 ug/z,
and cadmium of 7.1 ug/Q, 42.3 ug/l of zinc was associated with reduced spawning
of fathead minnows. When copper, cadmium and zinc were 5.3, 3.9 and 27.3 pg/Q,
respectively, reproduction was unaffected (9). Therefore, a safe concentration
of zinc for fathead minnOWS was 30 pg/Z in soft water (7) and 27.3 ug/R in hard
water in the presence of added copper and cadmium (9).
However, in Eaton's
study (9), it could not be stated that the observed effects were solely due to zinc.
Nevertheless,
concentrations of zinc causing sublethal harm to aquatic biota do
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 Natural or "background" fluoride levels in most freshwater streams are
less than 0.2 mg/Q (13,30). Concentrations of 13 mg/l are present in the Firehole
and Madison rivers in Yellowstone National Park and in Pyramid and Walker lakes
in Nevada (38). Many East African lakes contain more than 1,000 mg/R, the
highest natural concentrations found anywhere (20). A 1970 "background" water
quality survey of 23 streams in the urbanized southeast portion of Michigan's
lower peninsula compared to 32 streams in the upper peninsula showed mean
fluoride concentrations of 0.40 and 0.18 mg/Z, respectively (23).
Fluoride concentrations in the Upper Great Lakes are below those
predicted by the equilibrium constants of Kramer (21). These were based on
the calcium—carbonate—phosphate—fluoride system which is believed to regulate
the concentrations of fluoride in inland lakes. This regulating system was
postulated as the explanation for the observation of uniform concentrations of
fluoride (0.46 mg/R) at different depths and even in the interstitial water of
14 foot deep core samples from a meromictic lake (5). Comparison of Kramer's
predicted fluoride levels for the Great Lakes with concentrations actually
observed are given in Table 8:
Table 8




Lake Predicted Levels 1961 to 1963(21)* 1968(46) 1971(6)
Lake Superior 0.23 0.15 0.032 0.05
Lake Michigan 0.18 0.1 0.1 ——






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Danilova (8) found aquatic plants contained higher (40.5 ug/g) concentrations
of fluoride than terrestrial plants with 33.8 ug/g. However, no bioaccumulation
was observed in either Uiadaphora or diatoms experimentally exposed for 72 days
to fluoride concentrations of 52 mg/2 (15). In a biossay using the alga
Chloralla pypanoisda, Smith and Woodson observed growth suppression at all levels
between 4.2 to 4,000 mg/Q of fluoride (39). They concluded that this antimetabo—
lite has its greatest effect between 420 and 4,200 mg/Q where 86 and 98% inhibition
occurred after 72 hours. Fluoride concentrations of 4.2 and 42 mg/Q had equal
inhibitory effects of 19% after 72 hours. However, measuring respiration instead
of growth in the same algal species, Sargent and Taylor (36) did not detect inhi—
bition at high levels of fluoride (1,680 mg/Q). They did find that copper sulfate
and fluoride acted more than additively in inhibiting respiration.
Kilman and Hecky (20) observed that the sedge Cyperus papyrus was absent
in African lakes containing 5.4 and 6.6 mg/Q of fluoride, butwas abundant in
lakes with 0.95 mg/Q of fluoride.
Effect on Aquatic Animals
 
In a review of the available literature, Groth (l3) concluded that there was
a compelling case for dealing with fluoride as a pollutant with a great capacity
for ecological harm. As part of his evidence Groth cited the fact that
downstream concentrations of 0.5 to 3 mg/i fluoride can result from both industrial
sources and municipal sewage. Concentrations are highest during summer months
when biological activity is also at its peak. No ecological effects were
correlated with these fluoride levels (2). Groth (13) stated that much additional
research was needed on the effects of fluoride and indicated that adverse effects
on aquatic life may have been masked in the past by farmore severe effects of
untreated sewage, industrial effluents and other major pollutants.
Bacterial species commonly associated with municipal wastewaters were
























































































































































































































































































































































































































































































































































Neuhold and Sigler (30) determined a 20—day LCSO for rainbow trout SaZmO
gairdneri of 2.7 to 4.7 mg/f fluoride (95% confidence level) using softened
dilution water (calcium less than 3 mg/Q). They concluded that this is much
lower than would occur in high calcium water. They also subjected rainbow
trout to 30 different combinations of fluoride and calcium concentrations ranging
from 0 to 25 mg/l fluoride and 0 to 25 mg/2 calcium. From these bioassays they
determined the antagonistic relationship between fluoride and calcium and
expressed it in an equation. Applying their equation for calcium/fluoride
antagonism to Lake Superior water with a calcium concentration of 13 mg/2, the
L050 for rainbow trout is 26 mg/2 fluoride:
y = 2.33 + 2.03 X
where y = probits — use 5, which is LC50
x = (Log F — Log Ca + l)
5 = 2.33 + 2.03 (Log F — Log Ca + 1) Ca (ppm) = 13
(Log F = 1.11 + 1) Log 13 = 1.11
5 = 2.33 + 2.03 (Log F — .11)
5 — 2.33 = 2.03 (Log F) -.11 x 2.03
2.67
H
2.03 (Log F) — .22
2.89
2.03 (Log F)








The relationship between the concentrations of calcium and fluoride ions
and the LC50 of rainbow trout subjected to varying combinations of calcium and
fluoride was determined by plotting the log of the ratio of fluoride to calcium
against the probit of responses to the varying combination of calcium and
fluoride. A straight line relationship from which the LC50 can be determined
was found (Figure 1). The L050 was determined between 1.01 and 4.22 [fluoride] /
[calcium] at the 95 percent confidence level. The sensitivity of the rainbow
trout to the ratio of fluoride to calcium was between 1.71 and 2.35 probits of
response and the log of the fluoride/calcium ratio (Figure l) is expressed by
the formula,
Y = 2.33 + 2.03X
where Y is the response in probits and X is the logarithm of the ratio between
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water for four days (termination of experiment).
In a review, Sigler and Neuhold (38) noted that the response of fish to
moderate fluoride concentrations (1.5 to 5 mg/Q) is species dependent and
related to acclimation, environmental variables such as calcium concentrations
and temperature. The healthy growing populations of trout in the Firehole River
in Yellowstone National Park and Pyramid and Walker lakes in Nevada where fluoride
concentrations reach 13 mg/l indicated that resistence to fluoride toxicity
varies in fish. Yet their earlier tests showed that trout raised in low fluoride
concentrations displayed LC5O's of approximately 3 mg/R (30).
Bioaccumulation in Aquatic Animals
Fluoride concentrations in fish range from less than 0.1 to 24 ug/g (27).
Most of the data available deal with marine fish and potential problems with
high fluoride concentrations in fish flour (12). Fish—protein concentrate made
in the United States was found to contain 169 ug/g fluoride (14). Hoskins and
Loustaunau (l7) analyzed fish—protein concentrate made from two marine species
and one freshwater species and found that all were less than the United States
Food and Drug Administration's 100 ug/g limitation and many were less than 25 ug/g.
Bioassays using fluoride concentrations ranging from 0.5 to 128 mg/2
showed accumulations occurred at 2 mg/Q and above in oyster tissues. Minimum
levels in tissue, which were obtained after the first five days of exposure,
were 100 ug/g exposed to solutions of 32 mg/l fluoride while 18 ug/g was found
after the 2 mg/R exposure (24). The blue crab similarly reached a concentration
of 50 ug/g in muscle after 90 days exposure to 20 mg/2 fluoride while the
control (0.1 to 1.5 mg/Q fluoride) contained 10 ug/g (25).
Generally potential problems occur only at high exposures of fluorides or
when the total fish is consumed (including bone) as in fish—protein concentrate.
f In summary, since most of the fluoride toxicity studies on aquatic life
2 have involved either the use of low calcium dilution waters or marine organisms,
‘ it is not practical to set an objective based on the protection of aquatic life.
‘ Therefore, it is recommended that the objective for fluoride be 1.2 mg/Q total
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BEEETBBTBf the St. Lawrence River, the level of total dissolved solids should




















maintaining the levels of total dissolved solids in Lake Erie and Lake Ontario
and not to exveed 200 milligrams per litre. 1n the remaining boundary waters,
pending further study, the level of total dissolved solids should not exceed
present levels”.
  


















degradation and does not comply with the Committees' definition of a specific
water quality objective as the level of a substance which will provide for and
protect a designated water use. There is no scientific evidence to demonstrate
that the specified numerical objectives will interfere with any designated water
use.
A review of the scientific literature on the potential effects of TDS on a
variety of water uses indicated that a numerical objective far in excess of
existing TDS levels would result if a defensible objective were to be
established. The Committees were reluctant to pursue such a course as it would
mock the non—degradation philosophy and provide an incorrect perspective to
surveillance programmes.
While existing levels of TDS in the Great Lakes do not directly threaten
any use of the waters, routine monitoring of levels of TDS has traditionally
proven to be valuable to surveillance programmes in assessing trends in water
quality. For this reason, and to comply with the non—degradation provisions
in the Water Quality Agreement, the existing objective is endorsed to encourage
the continued use of TDS as a monitoring tool.
On the basis of a recent report on the relationship of TDS and conductivity
in the Great Lakes, the Great Lakes Water Quality Board's Surveillance Subcommittee
recommended that the existing objective for TDS be replaced by an objective for
conductivity. Using a standard conversion factor of 0.65, the numerical conductivity
objective for the Lower Lakes would be 308 umhos/cm. The Committees had no
Objection to measuring TDS by conductivity methods. It was anticipated that as
the importance of individual components of TDS were identified, measurement of






















   
The following commentary will provide an overview of the significance




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
In addition, the 96—hn median toxicity threshold of TDS for invertebrates
based on dilution of brine waters, was reported to be as indicated in Table 12 (2):
TABLE 12


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Historical Trends: Their Value and Implications
Many investigators have measured the level of TDS in the Great Lakes
for nearly 100 years. These measurements included an analysis of the major
cation and anion composition of the TDS. This information has been collated
by Beeton and Chandler (l), Kramer (7) and updated by Weiler and Chawla (13).
Kramer (7) showed that a significant portion of the present TDS levels in each
of the lakes results from the natural chemical equilibria between the water and
the sediments. Lake Superior is considerably lower in dissolved solids and
alkalinity because it lies outside of, or along the edge of a Paleozoic carbonate
belt and its sediments have a lower concentration of carbonates. In contrast,
the other four lakes lie entirely within this belt.
A review of the data presented by Kramer (7) and Weiler and Chawla (l3)
demonstrates that the TDS levels have significantly increased for lakes Erie
and Ontario since 1900, whereas only a moderate increase has taken place for
lakes Michigan and Huron. In contrast, a slight decrease in TDS levels has
occurred in Lake Superior.
Chloride
Chloride ion concentrations in the Lower Lakes have increased from 8 mg/R in 1900
for both lakes to nearly 25 mg/2 for Lake Erie, and about 28 mg/2 for Lake Ontario
in 1970. During the same period there was a minimal increase in the other three lakes,
ranging from zero for Lake Superior to 4 mg/Q for lakes Huron and Michigan.
Based on an average outflow of 196,000 cfs for Lake Erie, a 1 mg/R increase
is equivalent to the addition of 1.06 x 106 lbs. per day. Thus the increase from
8 mg/R to 25 mg/2 represents an addition of 18.1 x 106 lbs. per day or 9050 tons
per day of chlorides as Cl. The daily addition of chlorides to Lake Erie from
human wastes plus an indication of impact of this load on the total load was
estimated for 1970 as follows:
Per capita contribution of C1 = 0.0154 1bs./day (9)
Chloride load 11,000,000 x 0.0154 = 169,400 1bs./day
Per cent of total load 169,400/18,100,000 x 100 = 0.92%
The use of salt for deicing and its impact on Lake Erie has been investigated
by the Federal Water Pollution Control Administration (FWPCA)(6), the Three Rivers
Watershed District (the Cleveland and Akron Area) in 1969—70, the State University
of New York at Buffalo in 1972—73, as well as Owenby and Kee (10).
The FWPCA study indicatedthat in 1966, 3.12 x 106 lbs./day was used each year
for deicing in the Lake Erie basin. During the winter of 1969-70, the Three Rivers
Watershed District estimated 1.05 x 106 lbs./day of salt as chlorides was used
annually in an area of 2.5 million persons. In the Greater Buffalo area which
has a population of nearly 500,000, approximately 15,000 tons of salt as chloride
was used for deicing during the winters of 1971—72 and 1972—73. Thus, the per
capita use of salt for deicing varied from 0.312 to 0.420 lbs./day with a weighted
average of 0.336 lbs./day. Using this weighted average the estimated total chloride
load to Lake Erie is 1.52 x 106 lbs./day on an annual (150 day) average.
109
 
Another significant source of chloride loadings to Lake Erie is an 0hio
manufacturer of soda ash which discharges nearly 2,000 tons/day of chlorides
in approximately equal portions of sodium and calcium chloride. Other
manufacturers of soda ash along the Detroit River plus other discharges con—
tribute nearly 3,450 tons/day (Table 13).
TABLE 13
CHLORIDE LOADINGS TO LAKE ERIE
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this definition but are of concern because of their actual or potential effects on
biota in the Great Lakes region.
Where established standards for raw water supplies are limiting, the
objective for any substance (persistent or not) will be based upon such standards,
but these are generally not the most restrictive use. Rather, it will more
likely be aquatic life which represents the most stringent use and objectives ‘
should be set, therefore, to protect all life stages of the most sensitive 3
species identified. !
In establishing objectives to protect aquatic life from any toxic substance,
the preferred approach is to use data derived from chronic, long—term tests on
at least one generation of a sensitive test organism. Accordingly, the approach
adopted here is to establish objectives for those specific pesticides for which
low level, long—term chronic testing has been conducted. Where scientifically
determined "no—effect" levels are available, these levels shall be recommended
as the Specific numerical objective; however, where such levels have not been
determined, objectives will be established by applying an arbitrary safety
factor of 0.2 to the lowest concentration which produced a subtle
effect











































































































































































































































































































































































































































































accidental spillage, via surface runoff or leaching, and with discharges in
manufacturing operations. It is to protect against these eventualities that
objectives are being formulated here.
LITERATURE CITED
























































































































































































































































































































































































































































































Gomaa et al. (5) indicated that the half—life of diazinon at pH values of 7.4,
9.0 and 10.4 was 184, 136 and 24 days, respectively. As pH values of 7.4 to
9.0 are normally encountered in Great Lakes waters, it is possible that
diazinon can persist for up to several months in aquatic ecosystems. Because
of the apparently conflicting data on its persistence, and as organophosphate
compOunds are generally non—persistent (that is, half—life less than 8 weeks),
diazinon is considered under the category of non—persistent pest control products.
Investigations of the accumulation rate of diazinon indicate that it does
not appreciably accumulate in biological tissue. The Mummichog (Pundulus
heterocZitus) concentrated diazinon to a level of approximately ten times the
concentration in the surrounding water, but 50% of tissue residue was lost in
less than one week (7). Allison and Hermanutz (1) reported that the
accumulation factor for diazinon in fish is low compared to that observed for
most organochlorine pesticides, and that the tissue concentration is directly
proportional to water concentration.
There is currently no standard in use in either Canada or the United States








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































chronic effect of diazinon on brook trout indicate that this objective should
protect sensitive species of fish and aquatic invertebrates.
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It is recommended that the following revised objective for oil and
petrochemicals be adopted in compliance with Annex 1, paragraph 7(a), and to
replace the existing interim objective in Annex 1, paragraph 2(e) of the Water
Quality Agreement:
Gil or petrochemicals should not be present in concentrations
v.7 +’
Lﬂao .'
(a) can be detected as a visible film, sheen, or discolouration
on the surface;
(b) can be detected by odour;
(c) can cause tainting of edible aquatic organisms;
(d) can form deposits on shorelines and bottom sediments that are
detectable by sight or odour, or are deleterious to resident
aquatic organisms.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim objective
in Annex 1, paragraph 2(e) of the Agreement, which states:
"Oil, Petrochemicals and Immiscible Substances. Waters should be free from
floating debris, oil, scum and other floating materials attributable to
municipal, industrial or other discharges in amounts sufficient to be
unsightly or deleterious”.
RATIONALE
Amenities, Waterfowl and Health
 
On the basis of general knowledge alone, all four objectives are required
to protect aesthetic values, water and shoreline recreation.
The amount of oil required to produce a visible slick will vary with type
of oil and weather condition. However, the American Petroleum Institute has
estimated that the first trace of irridescence or colour is formed when about
15 millilitres of oil is spread over 100 square metres (=lOO U.S. gallons over
one square mile, or a film about 0.15 microns thick) (12).
Surface slicks must also be prevented to protect waterbirds and aquatic
mammals.







































causing the bird to lose both insulation and buoyancy. Oil ingested during
preening can have toxic effects. Less obvious, but long—lasting small slicks such
as from sewered oil, will in the end have similar debilitating effects on
resident waterbirds.
Available information on occupational health and industrial hygiene indicates
that any tolerable health concentrations for petroleum—derived substances far
exceed the limits of taste and odour. Thus, any hazards to humans from drinking
oil—polluted water will not arise because such substances become objectionable
at concentrations far below their chronic toxicity levels. Oils of animal or
vegetable origins are usually non—toxic to humans and aquatic life.
Aquatic Organisms
The toxicity of crude oils and their derived substances to aquatic life
cannot be stated in simple terms because they contain many different organic
compounds and inorganic elements. The major components of crude oil are a
series of hydrocarbons from paraffins and napthenes to aromatics, resins,
asphaltenes, heterocyclic compounds and metallic compounds.
The hydrocarbons













Within each series of hydrocarbons,

















































































































































































































































































































































































































































Toxicity to marine animals apparently has been studied more extensively than
toxicity to freshwater forms. Marine invertebrate larvae seem particularly
sensitive to oils. About 100 uR/R of various crude oils were lethal to planktonic
Stages of crab larvae and several other invertebrates (8,9) plus shrimp (10).
The same concentration of No. 2 fuel oilkilled kelp crab larvae (6), while
10 uQ/R of “oil” killed a copepod in 4 days (7). Lobster larvae were killed
in 4 days by 13 mg/2 of dispersed crude oil, and in 30 days by only 0.78 mg/Q.
Those were nominal concentrations and the actual concentrations of oil estimated
by measurement of the aromatics by ultraviolet spectrophotometry were only 18% of
those values. That is, measured concentrations in the lobster experiments were
4—day L050 = 2.3 mg/R and 30—day L050 = 0.14 mg/Q (16).
Some sub-lethal effects have also been documented in marine animals. Crude
oil at 100 ul/Q caused inactivity and death over 2 weeks of Neopanope (5). For
lobster larvae, the safe concentration of dispersed oil for rate of development
and moulting was 0.72 mg/R nominal concentration, about the same as the 30—day
L050. The measured concentration would be 0.13 mg/R (16). The ratio of this
"safe" concentration to the 4-day LC50 is .7 = 0.18, a value which may be used
as an application factor. For floating crude oil, the 4—day LC5O for lobster
larvae was 150 mg/2 and moulting was slowed at 12.5 mg/Q, thereby yielding a
similar application factor of 0.083. For floating No. 2 fuel oil, the same
values were 60 and 12.5 mg/R yielding an application factor of 0.21 (16).
It is probable that the safe level of crude oils for sensitive Great Lakes
crustaceans would be in the vicinity of 2 to 4 uQ/l, as is the case for their
marine cousins. However, such experiments have apparently not been done for
freshwater invertebrates, and thus the use of these low concentrations as criteria
in the Great Lakes is unwarranted.
Use of application factors does seem warranted however. The three application
factors obtained for a marine crustacean are close to the one calculated for
flagfish in fresh water. Applying the application factor 0.09 calculated for
freshwater fish to the mentioned average lethal concentrations, the estimated
"safe" levels for freshwater fish are as follows:
Bunker oil 180 uQ/E
Used crankcase oil 120 uQ/K
Crude oil slicks 45 uR/l
Jet aviation fuel 45 ul/Z
Diesel oil 15 uR/Q
Automobile gasoline 9 uR/Q
Those concentrations are nominal (added) ones and would have to be related
to the measured concentrations in the water, according to the chemical procedures
used in any individual situation.
The approximate "safe" concentrations listed above are higher than those
which would be expected to cause problems of odour, amenities, etc. under the
objectives. Therefore, the "safe" concentrations for aquatic life have not been







The eventual fate of oil in water depends on the basic processes of
weathering, dispersion and degradation.
The natural processes causing the
I
disappearance of oil in water include evaporation, solution, formation of emuls1ons,
and sinking; none of these processes however, render the oil harmless to the aquatic
environment.
The ultimate destruction of oil depends upon its oxidation by bacteria.
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Unspecified Non-Persistent Toxic Substances and Complex Effluents
RECOMMENDATION
It is recommended that the following numericalobjective for unspecified
non—persistent toxic substances and complex effluents be adopted in compliance
with Annex I, paragraph 7(a), and as a refinement of Annex I, paragraphs 2(b) and
(c) of the Water Quality Agreement:
Unspecified non-persistent toxic substances and complex effluents of
municipal, industrial or other origin should not be present in
concentrations which exceed 0.05 of the lethal concentration (96—hour
L050) for any sensitive local species to protect aquatic life.
RATIONALE
This procedural objective was developed to limit the effects of:
(l) unspecified non—persistent substances toxic to aquatic life which are not












life and are discharged directly to the Great Lakes.




























































































































































































































































































































































































































































































 the use of an application factor which should, in the majority of cases, reduce
the concentration to that which is non-lethal for chronic exposure. Using an
application factor will not preclude the possibility ofvsublethal effects
occurring; however, since by definition these substances are non—persistent,
exposure times will tend to be of short duration and effects outside mixing zones
would not normally be expected. Where there are such effects, it Should be
evident that the application factor was inadequate to derive an objective which
would provide for and protect the designated use.
In "Water Quality Criteria 1972" (1) it is proposed that the test species used
to establish an objective should ideally correspond to the most sensitive important
species existing in the locality where the objective will apply. While this is
scientifically sound, it presents a serious difficulty in practice.
In order
to determine which local species is most sensitive to a given introduced toxicant,
a large number of organisms must be evaluated.
Consequently, the objective
recommends a choice of locally important test species which are known to tolerate
laboratory test conditions.
Selection of the approved test species should include
representatives of cold and warm water fish species as well as an important benthic
invertebrate.
The large volume of acute toxicity data available from the scientific
literature should be used since it is unreasonable to require additional testing
of those substances previously bioassayed by reputable laboratories.
The
objective permits use of such data where a) the species tested conforms to the
requirements for species selection accompanying the objective, and b) the
dilution water quality used in the test was comparable to that existing at the
intended point of application of the objective (boundary of a mixing zone).
The choice of application factor is based on the recommendation put
forward by the National Academy of Sciences and the National Academy of Engineering
(1) for determining acceptable concentrations of toxicants for which comprehensive
toxicological data are lacking. This recommendation for non-persistent and
non-cumulative materials is a concentration not exceeding 0.1 of the 96-hour
LC5U at any time or place after mixing with the receiving waters, while the
24-hour average should not exceed 0.05 of the L050 after mixing.
Since the
boundary of a mixing zone may be located further from the source than the point
at which rapid mixing is completed, and since monitoring by regulatory agencies
will more likely involve spatial sampling on an irregular schedule rather than
intensive sampling during a 24—hour period, it is recommended that the objective
be 0.05 of the 96—hour LC50 at the mixing zone b0undary. Based on a broad
assessment of the scientific literature relative to the differences between
L050 values and incipient lethal concentrations for a diverse array of toxicants,
and between lethal and sub-lethal concentrations, an application factor of
0.05 (l/20th), apart from specialized cases, should provide adequate protection
for the aquatic community. Notwithstanding this recommendation, it is strongly
advised that where two or more unspecified toxicants are discharged simultaneously,
the potential for synergistic or additive effects should be established through
bioassay testing and the acceptable concentration should be based on l/20th of
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water treatment process and contribute to corrosion of water works structures,
distribution lines and household plumbing fixtures, by adding such constituents
as iron, copper, lead, zinc and cadmium to the water (6). Adjustment of pH within
the range of 5.0 to 9.0, the common range of pH values in natural waters, is
relatively simple. "Water Quality Criteria 1972" (6) notes that since "the
defined treatment process can cope with natural waters within the pH range of 5.0
to 9.0, but becomes less economical as this range is extended, it is recommended
that the pH of public water supplies be within 5.0 to 9.0". The "defined
treatment process" includes sedimentation, rapid sand filtration, and disinfection
with chlorine.
Primary Contact Recreation
"Water Quality Criteria 1972" states that "for most bathing and swimming
waters, eye irritation is minimized and recreational enjoyment enhancedby
maintaining the pH within the range of 6.5 and 8.3 except for those waters with
a low buffer capacity where a range of pH between 5.0 and 9.0 may be tolerated'(6).
Subsequent investigations on the level of protection afforded recreational users
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Based upon present evidence (3,6), a pH range of 6.5 to 9.0 will provide .
adequate protection for the life processes of freshwater fish and bottom dwelling
invertebrates.
Outside this range, most aquatic organisms suffer adverse


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 (2) lAlNTING SUBSTANC_E_§
RECOWEAMi335]
It is recommended that the following revised objective for tainting
substances be adopted to replace the existing specific objective in Annex I,





c water supply sources should be essentially free
.t ,I‘ /
L
dectionable taste and odour for aesthe i: reasons.
4) Levels of phenolic compounds should not exceed 0.00Z milligrams
oer litre in raw public water supplies to protect against taste
and odour in domestic mate
3) Substances entering the water as the result tj'human activity
that cause tainting of'edible aquatic organisms should not be
present in concentrations which will lower tne acceptability
of‘these organisms as determined by organoleotic tests.
EXISTING OBJECTIVE
The above Objectives are recommended to replace the existing specific
objective in Annex 1, paragraph l(d) in the Agreement, which states:
"Taste and Odour. Phenols and other objectionable taste and odour
producing substances should be substantially absent.”
RATIONALE
Raw Water Supply
Municipal wastewater discharges, especially those serving urban areas,
and an array of industrial discharges have the capacity to impart objectionable
taste and odour to water.
There is also a number of naturally occurring
1
materials in aquatic environments, as well as the metabolic by—products of
g
micro-organisms that create taste and odour problems at water treatment plants.
;
Taste and odour are primary factors which influence a consumer in determining
acceptability of water for domestic use. Since these factors cannot be
directly correlated with the safety of the water supply, protection from
objectionable odour and taste is based on aesthetics.
$
1
The defined water treatment process is inconsistently effective in
removing taste and odour producing properties of raw water, and data identifying
threshold levels of individual materials are extremely variable.
The objective


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































50 to 100 ml/Q










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and Wildlife, Corvallis, Oregon. Unpublished data. 1971. f
22. Silvey, J.K.G. "Newer concepts of tastes and odors in surface water supplies.
Water and Sewage Works 100(11): 426-429 (1953). 1
1 23 Silvey, J.K.G., J.C. Russel, D.R. Redden and W.C. McCormick. "Actinomycetes














24. Standard methods for the examination of water and wastewater. 13th ed.
Prepared by the American Public Health Assoc., American Water Works Assoc.,
and Water Pollution Control Fed. Washington, D.C., 1971.
25. Surber, E.W., J.N. English, and G.N. McDermott.
"Tainting of fish by outboard



















































































































































Agency, Office of Water Programs, Kansas City, Mo., 1971.
U.S. Department of Health, Education and Welfare. Public Health Service.
"Public Health Service drinking water standards”. Rev. ed. PHS Pub. 956, 1962.
Westman, J.R. and J.C. Hoff. "Flavor studies of Raritan Bay fish”. Interstate
Sanitation Commission, 10 Columbus Circle, New York, 1963.
World Health Organization. "European standards for drinking water.” Geneva,
Switzerland, 1970.
Zillich, J.A. "A secondary fish taint test, Muskegon Lake, with special
emphasis on fish and water near Continental Motors Corporation." Bureau



































































































For the protection of aquatic life, waters should be free from
substances attributable to municipal, industrial or other discharges
resulting from human activity that will settle to form putrescent or
otherwise objectionable sludge deposits or that will alter the value
of the Secchi disk depth by more than l0 per cent.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim
objective specified in Annex 1, paragraph 2(d) of the Agreement, which states:
"Settleable and Suspended Materials. Waters should be free from substances
attributable to municipal, industrial or other discharges that will settle
to form putrescent or otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl”.
RATIONALE
Materials present in a lake absorb, scatter, and reflect light as it
passes through the water (11). Dissolved materials absorb light but substantial
reduction in light transmission more commonly results from the presence of
suspended particles. In areas where such particles are high in concentration,
their influence can be noted by the human eye and the water is called turbid.
Moreover, the effect of the particles on the light depends not only on concen—
tration but also on size, shape, colour, refractive index, and specific gravity.









































































































































































































































































































































































































In Special circumstances human activities can also decrease turbidity by adding
substances that cause the existing particles to aggregate and settle out of
suspension faster than otherwise would occur. Even this effect could be
detrimental to beneficial uses of the water by allowing much greater than
usual algal production and by smothering benthic organisms and fish eggs. Not
only can large blooms of algae lead to taste and odour problems in public water
supplies but they can also make the water aesthetically less suitable for such
recreational activities as boating, water skiing, fishing, etc.
Thus alterations
in the ability of Great Lakes water to transmit light need to be strictly
controlled.
































































































































































































































































































































































































































































































































































































































































1% "Aquatic Communities should be protected if the following maximum
concentrations of suspended solids exist:
‘ Moderate protection 80 mg/l
i Low level of protection 400 mg/2




j< High level of protection 25 mg/2
The rationale presented below was taken primarily from the Environmental
Protection Agency report.
!;
"Fish~and other aquatic life requirements concerning suspended solids can be
divided into those whose effect occurs in the water column and those whose effect
l,
follows sedimentation to the bottom of the water body.
Noted effects are similar
’ for both fresh and marine waters.
s
[In a 1965 report,
































































































































































































































Available evidence indicates however, that the death rate for fish living
in water containing 200 mg/2 or more of suspended solids for long periods of
time will be greater than for similar fish living in clear water, and that
suspended material from industrial discharges (for example, coal washings and
pulp wastes) may be substantially more toxic (8).
The EIFAC added a caveat that although exposure to several thousand milligrams
per litre for several hours or days may not kill fish, such excessive concen—
trations should be prevented in waters reserved for good fisheries.
Settleable materials which blanket the bottom of waterbodies damage the
invertebrate populations, block gravel spawning beds, and if organic, remove
dissolved oxygen from overlying waters (7,8). In a study downstream from the
discharge of a rock quarry where inert suspended solids were increased by
80 mg/l, the density of macroinvertebrate populations decreased by 60 per cent,
regardless of the suspended solid concentrations (9). Similar effects have
been reported downstream from an area which was intensively logged. Major
increases in stream suspended solids (25 mg/2 upstream vs. 390 mg/2 downstream)
caused smothering of bottom invertebrates thereby reducing organism density
to only 7.3 per square foot 03. 25.5 per square foot upstream (17).
When settleable solids block gravel spawning beds containing eggs, high
mortalities result although there is evidence that some species of salmonids
will not spawn in such areas (8). It has been postulated that silt attached to
eggs prevents sufficient exchangeof oxygen and carbon dioxide between the eggs
and the overlying water. The important variables are particle size, stream velocity
and degree of turbulence (8).
Deposition of organic materials to the bottom sediments can cause imbalances
in stream biota by increasing bottom animal density, principally worm populations,
and diversity is reduced as pollution sensitive forms disappear (12). Algae
likewise flourish in such nutrient rich areas although forms may become less
desirable (l6).
Identifiable effects of suspended solids on irrigation use of water include
the formation of crusts on top of the soil which inhibit water infiltration,
plant emergence, and impede soil aeration; the formation of films on plant leaves
which block sunlight and impede photosynthesis and which may reduce the marketability
of some leafy






































































































































































































of limnological and chemical factors to the phytoplankton of 1941." Trans.
Amer. Microsc. Soc. 63: 203-236 (1944)-
? 6. Chandler, D.C. and O.B. Weeks. "Limnological studies of western Lake Erie
% V. Relation of limnological and meteorological conditions to the production
l of phytoplankton in 1942.” Ecol. Monogr. 15: 435—456 (1945)-
i 7. Edberg, N. and Hofstan, B.V. "Oxygen uptake of bottom sediment studied
in—situ and in the laboratory." Water Res. 7: 1285 (1973).
8. European Inland Fisheries Advisory Commission. Working Party on Water
Quality Criteria for European Freshwater Fish: "Report on finely divided
solids and inland fisheries." Air Water Pollut. 9: 151 (1965).
9. Gammon, J.R. "The effect of inorganic sediment on stream biota". U.S.
Environmental Protection Agency Water Poll. Cont. Res. Series 18050 DWC 12/70.
1970.
10. Holmes, R.W.

























































































































































































































































































































































































Tebo, L.B. Jr. "Effects of siltation, resulting from improper logging, on
the bottom fauna of a small trout stream in the southern Appalachians.”
Prog. Fish—Cult. 17:64. Reprinted in "Biology of water pollution", U.a.
Dept. of Interior, Washington, D.C., 1957
U.S. Environmental Protection Agency. “Quality criteria for water”. (Draft
report). Ecol. Res. Series 440/9—76—023. 1976.
U.S. Department of Health, Education and Welfare. Public Health Service.












It is recommended that the following objective for asbestos be adopted:
Asbestos should be kept at the lowest practicable levels and in
any event should be controlled to the extent necessary to prevent
harmful effects on health.
RATIONALE
At this time there is insufficient information to recommend a meaningful
or defensible numerical asbestiform fibre objective for protection of
aquatic organisms, raw public water supply or drinking water.
Asbestos is a generic name for several fibrous silicates.
The reported
background level of asbestiform fibre concentration in the Great Lakes varies
from less than one million to ten million fibres per litre.
Sources of asbestiform
fibres are natural erosion, mining and processing operations, and man's use of
the manufactured products.
That inhaled asbestos is related to an increased
incidence of cancer is reasonably well known,
but the effects of ingested
asbestiform fibres have only recently come under study and the demonstrable
hazard to health is not defined.
A major Lake Superior source is the Reserve
Mining Company operation at Silver Bay,
Minnesota.
Eighty—seven million and two
hundred fifty million fibres per litre have been reported from Lake Superior water
in the Beaver Bay and Duluth, Minnesota areas, respectively.
These elevated
































Research on health effects of ingested asbestiform fibres is ongoing
through animal feeding studies conducted under the aegis of the United States
Environmental Protection Agency and the United States Food and Drug Administration.




























































































































































 the epithelial tissue of the stomach and intestinal tract of mussels in the
variations of exposure and post—exposure. Apparently some mussels were allowed
longer purging periods since, as Halsband states, "After several weeks exposure ...
to unpolluted seawater these foreign bodies were not disposed of.” He concluded
that tissue damage had occurred, but offered no evaluation of effects.
Scientists at the Canada Centre for Inland Waters do not know of any
experimental work in Canada dealing with effects of asbestos on aquatic organisms.
The National Water Quality Laboratory at Duluth has begun a $644,000 project extending
to 1979 on the "Environmental impact of asbestos on freshwater organisms.” This
project will determine the extent to which environmental contamination has
occurred in the United States by extensively surveying all existing data; employ tracer,
autoradiographic and other refined techniques to identify target organs and tissues
in important fish species; develop better methods to determine asbestos content
in water and tissue; develop response data relating effects of freshwater organisms
exposed to asbestos fibres; and determine the extent to which previous water
quality criteria data were affected through contamination of the laboratory's water
supply by asbestiform minerals.
Examination of the research plan suggests that the emphasis will be on fish and
larger invertebrate animals. Effects on planktonic organisms may be of equal or
greater importance and might be more easily detected. Tests with these smaller
organisms should be conducted.
LITERATURE CITED
1. Great Lakes Research Advisory Board. “Asbestos in the Great Lakes Basin
with emphasis on Lake Superior; report to the International Joint
Commission”. International Joint Commission Great Lakes Regional Office,
Windsor, Ont., 1975.
2. Halsband, E. "The effect of asbestos waste products on mussels (Mytilus
edulis); report to the Fisheries Improvement Committee of the International
Council for the Exploration of the Sea.” Institut fﬁr Kusten—und Binnen—





















It is recommended that the following revised statement regarding non—
degradation be adopted to replace the existing statement which appears in Annex 1,
paragraph 3 of the Water Quality Agreement:
Notwithstanding the adoption of specific water quality objectives,
all reasonable and practicable measures shall be taken in accordance
with paragraph 4 of Article III of the Agreement to maintain the
levels of water quality existing at the date of entry into force of
the Agreement in those areas of the boundary waters of the Great Lakes
System where such water quality is better than that prescribed by the





















statement in Annex I, paragraph 3 of the Agreement, which states:
"Non-degradation. Notwithstanding the adoption of specific water quality
objectives, all reasonable and practicable measures shall be taken in















































































































































































important then, that in order to maintain existing water uses, the water quality
not be degraded beyond present levels.*
In the first sentence of the 1972 Amendments to the Federal Water Pollution
Control Act, the United States Congress stated that "the objective of this Act is
to restore and maintain the chemical, physical and biological integrity of the
Nation's waters" (emphasis added).
Similarly, "Guidelines and Criteria for Water
Quality Management in Ontario”
states, in part,
that "water of a higher quality









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































*Where applicable, a rationale follows immediately after each new statement.
148
 3. Limitations on mixing zones should be established by the responsible
regulatory agency on a case—by-case basis, where "case" refers to both local
considerations and the waterbody as a whole, or segment of the waterbody.
Guidelines cannot be substituted for knowledge of local areas
sense but they can assist in identifying critical factors on which
decisions. Mixing zones should be tailored to the characteristics
systems, recognizing not only the local effect, but the cumulative
mixing zones on the waterbody or segment thereof.






should be known when considering location of a new mixing zone or limitations
on an existing one.
5. Areas of'extraordinary value should be designated offllimits for
mixing zones.
6. When designing conditions to protect specific organisms it is
necessary to know that the organisms would normally inhabit the
area within the mixing zone. Zones of passage should be assured either
by location or design of conditions within mixingzones. Mixing zones
should not form a barrier to migratory routes of aquatic species or
interfere with biological communities or populations of important species
to a degree which is damaging to the ecosystem, or diminish other beneficial
uses disproportionately.
To prevent blocks to passage, less than half the stream width
should be
used as a mixing zone. Since dischargers may wish to use the other half in the
future, good practice suggests limiting individual mixing zones to one—third
of the width.
7. No conditions within the mixing zone should be permitted which are
either (a) rapidly lethal to important aquatic life {conditions which
result in sudden fish kills and mortality of organisms passing through
the mixing zone); or (b) which cause irreversible responses which could
result in detrimental post—exposure effects; or (c) which result in
bioconcentration of toxic materials which are harmful to the organism
or its consumers.
Rapid changes in water quality cause stress in aquatic life through shock
effect, thus changes should be guarded against in the operational regime. Rapid
dilution in mixing zones is desirable so that weak swimmers, such as planktonic
organisms entrained in the plume at the discharge, will be exposed
concentrations of constituents for short periods only.
to the higher
8.







exceed the 24-to 96—hour L050.
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The mixing zone should be considered as a region in which organism response
to water quality characteristics is time-dependent. Therefore, if organisms are
exposed for short periods only, a greater concentration can be considered. Conversely,
when it is known, or can be demonstrated, that the discharge is attracting and holding
organisms for long periods, a reduction of concentrations of toxic materials to
below the 96—hour LC5O should be considered.
9. Many of the general water quality objectives should apply to
discharge—related materials within mixing zones.
The zones should be free
of:
(a) objectionable deposits;
(b) unsightly or deleterious amounts of flotsam, debris, oil,
scum and other floating matter;
(c) substances producing objectionable colour, odour, taste or
turbidity; and
(d)
substances and conditions or combinations thereof at levels
which produce aquatic life in nuisance quantities that





























































































































































GREAT LAKES WATER QUALITY BOARD
AND



































































































Prince, Atomic Energy Control Board, Canadian Chairman
Bruce, Department of Fisheries and Environment,
Appointed Canadian Chairman, 1974
Slater, Department of Fisheries and Environment,
Appointed Canadian Chairman, 1976
Caplice, Ontario Ministry of the Environment
Caverly, Environmental Hearing Board, Province of Ontario
L'Heureux, Services de Protection de L'Environnement, Province of Quebec
tain G. Leask, Ministry of Transport
Steggles, Ontario Ministry of the Environment
Loftus, Ontario Ministry of Natural Rescurces
Millest, Department of Fisheries and Environment



































Mayo, United States Environmental Protection Agency,
United States Chairman
Alexander, Jr., United States Environmental Protection Agency,
Appointed United States Chairman, 1976
Briceland, Illinois Environmental Protection Agency
Earl, Wisconsin Department of Natural Resources
Hert, Indiana Stream Pollution Control Board
Lyon, Pennsylvania Department of Environmental Resources
Cove, Minnesota Pollution Control Agency
Turney, Michigan Department of Natural Resources
Seebald, New York Department of Environmental Conservation
Williams, Ohio Environmental Protection Agency
Frangos, Wisconsin Department of Natural Resources
Merritt, Minnesota Pollution Control Agency
Purdy, Michigan Department of Natural Resources
Leahy, Illinois Bureau of Budget
. Metzler, New York Department of Environmental Conservation














































Bruce, Department of Fisheries and Environment,
Canadian Chairman
LeFeuvre, Department of Fisheries and Environment,
Appointed Canadian Chairman, 1974
Drapeau, Ecole Polytechnique, Montreal, Quebec
Holland, Sarnia, Ontario
Foley, Ontario Ministry of the Environment
.N. Westwood, University of Ottawa, Ottawa, Ontario
Roseborough, Ontario Ministry of Natural Resources
Munro, Mayor, Burlington, Ontario
Johnson, Department of Fisheries and Environment
Vallentyne, Department of Fisheries and Environment
Kramer, McMaster University, Hamilton, Ontario
. Elder, Department of Fisheries and Environment, Ex—Offioio































Greenfield, formerly, United States Environmental Protection Agency,
United States Chairman
. Bartsch, United States Environmental Protection Agency,
Appointed United States Chairman, 1974
. Mount, United States Environmental Protection Agency,
Appointed United States Chairman, 1976
Davis, United States Environmental Protection Agency,
Alternate for A.F. Bartsoh
Aubert, National Oceanic and Atmospheric Administration
Dworksy, Cornell University, Ithaca, New York
Balden, Hot Springs Village, Arkansas
ebbins, Citizens for Clean Air and Water, Inc., Cleveland, Ohio
Allen, Illinois Institute of Technology, Chicago, Illinois
Hetling, New York Department of Environmental Conservation
Fetterolf, Jr., Great Lakes Fishery Commission, Er—Officio
Watkins, Edison Electric Institute, New York
McDonnell, Pennsylvania State University, University Park, Pennsylvania




WATER QUALITY OBJECTIVES SUBCOMMITTEE
OF THE
GREAT LAKES WATER QUALITY BOARD
These are the individuals who served on the Water Quality Objectives
















































Fetterolf, Jr., Great Lakes Fishery Commission, Chairman
Reeder, Department of Fisheries and Environment,
Appointed Chairman, 1975
Anderl, Minnesota Pollution Control Agency
Becking, Health and Welfare Canada
. Brydges, Ontario Ministry of the Environment
Chamut, Department of Fisheries and Environment
Garrett, Ohio Environmental Protection Agency
Hodson, Department of Fisheries and Environment
Kelso, Department of Fisheries and Environment
Stevens, New York Department of Environmental Conservation
Boelens, Ontario Ministry of the Environment
Johnson, Department of Fisheries and Environment, Ex—Officlo
. Brezner, New York Department of Environmental Conservation
. Park, Illinois Environmental Protection Agency
Potos, United States Environmental Protection Agency
Robinson, Michigan Department of Natural Resources
Schoener, Pennsylvania Department of Environmental Resources
Schuettpelz, Wisconsin Department of Natural Rescurces
Terrault, Services de Protection de L'Environnement, Province of Quebec
Blomgren, Illinois Environmental Protection Agency
Mt. Pleasant, New York Department of Environmental Conservation
Maylath, New York Department of Environmental Conservation,
Alternate for R. Mt. Pleasant




Lane, Department of Fisheries and Environment
Berg, United States Department of Agriculture, Ex—Offieio
Konrad, Wisconsin Department of Natural Resources,
Alternate for N.A. Berg





Kraus, United States Environmental Protection Agency,
Alternate for C. Timm
Rodgers, Department of Fisheries and Environment, Ex—Offieio
Kaiser, Department of Fisheries and Environment,
Alternate fbr G.K. Rodgers
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